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PREFACE 



After more than thirty-five years' practical experience of the 
manufacture of varnishes, boiled oil, paint, and printing ink, 
having followed the progress of this industry and also the 
scientific achievements in the domain of the drying oils, I 
may, without great presumption, consider myself qualified to 
treat of the drying oils, their preparation, and investigation. 

My present work contains detailed information as to the 
source, extraction, and properties of all oils of any technical 
value, as to their treatment for the most varied uses — for 
boiled oil, paints, printing ink, oilcloth, and linoleum — my 
extensive experience in these matters, and the portion of 
chemistry necessary for a general comprehension. Specially 
detailed sections are devoted to the preparation of the 
liquid and solid siccatives, driers, and substitutes for boiled 
oil ; the concluding portions deal with the examination 
of the drying oils and boiled oils for adulteration and 
suitability for practical purposes. I hope that this work, 
which is intended to represent the present state of the know- 
ledge of the subject, may meet with friendly reception in 

interested circles. 

LOUIS EDGAR AND^S. 

Vienna, February 1901. 
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DRYmG OILS, BOILED OIL, SOLID 
AND LIQUID DRIERS 



CHAPTER I 

GENEKAL CHEMICAL AND PHYSICAL PROPERTIES OF THE 
DRYING OILS — CAUSE OF THE DRYING PROPERTY — 
ABSORPTION OF OXYGEN — BEHAVIOUR TOWARDS 
METALLIC OXIDES, ETC. 

The drying oils, like all vegetable fats and oils, are contained 
in the seeds and fruits ; they are amongst the most widely 
distributed vegetable products. In almost all the tissues 
of phanerogams and cryptogams fats and oils occur in small 
quantity, generally in the contents of the cells, and rarely in 
the cell wall. *The oil generally remains in the tissue where 
it is formed, and becomes enclosed there ; only rarely does it 
break forth in some unknown manner from the place where 
it is produced and cover the neighbouring organs by a more or 
less thick layer. In small quantity, oil or fat occurs in the 
protoplasm of young cells ; in larger amount, it is found as a 
constituent of the watery cell sap iff the form of small drops 
or small spheres together with protoplasm residues, which 
are also suspended * as granular or slimy masses in the 
cell contents. Accompanying the oil or fat in the cells are 



2 DRYING OILS 

starch grsmules, aleurone grains, chlorophyll, resmous colouring 
matters, resin granules, colouring matters dissolved in the 
oil, etc. The drops or spheres of fat are as a rule suspended 
in the cell sap ; in certain cases, e.g. in the pulp of the olive, 
which yields the non-drying olive oil, the drops of oil appear 
to be surrounded by a peculiar delicate membrane ("fat- 
bladder"). According to the investigations of Sachs, the 
aleurone grains so frequently found in oil-bearing seeds are 
aggregations of fat and albumin particles. As regards the 
formation of fats and oils in the plant cells, almost nothing is 
known ; whether the oil or fat is immediately formed from 
particles of the protoplasm, or arises from spherical globules 
suspended in the cell sap, is not yet known. ^From the seeds 
and fruits the drying oils can be obtained by hot or cold 
pressing, or by extraction by readily volatile solvents such as 
benzine, carbon bisulphide, etc. / 

All the drying oils are fluid at the ordinary temperature, 
and in different measure for many degrees below 0° C. 
Linseed oil is one of the most fluid ; it does not solidify at the 
lowest temperatures of our latitudes. The boiling points are 
at different high temperatures ; the majority of the oils decom- 
pose at the same time. The colours of the oils vary from 
pale yellow, bright yellow, and dark yellow to green, the 
characteristic colour of hempseed oil The drying oils differ 
also in odour and taste ; many of them, when obtained by cold 
pressing, are used as edible oils. TLike all fats and oils, the 
drying oils are insoluble in water, with which they form 
emulsions in the presence of small quantities of alkalis, by 
larger quantities of which they are saponified. With the 
exception of castor oil, they dissolve only in small quantity in 
cold alcohol ; but, on the contrary, are soluble in hot or cold 
ether, "benzene, petroleum ether, carbon bisulphide, chloroform, 
and turpentine.^ All the drying oils produce grease spots upon 
paper ; they burn from a wick with a more or less luminous 
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flame, producing larger or smaller quantities of soot. They 
dissolve sulphur and phosphorus, and unite with chlorine and 
sulphur chloride to form caoutchouc-like substances. Sul- 
phuric and nitric acids react violently with the drying oils. 

The drying oils, like all vegetable oils, consist of the 
neutral glycerin esters (glycerides) of the fatty acids ; they 
thus possess the general formula C3H5(OCOE)3, in which R 
represents a monovalent carbon radical. They also contain 
free fatty acids in larger or smaller quantity. 

Maumen(5, and later, Fehling, observed thatthe rise of 
tenaperature _produced when fatty oils are mixed with 
sulphuric acid is different for the different oils, and that 
the greatest rise occurs with the drying oils. This increase 
is with 



Olive oil . 


42^ C. 


Sesam^ oil . . . 


68** C. 


Castor oil ... 


47^ C. 


Poppy oil . . . 


74° -5 C 


Hempseed oil . 


98" C. 


Walnut oil . 


. lor C. 


Linseed oil . 


132" A? 



In order to obtain comparable results it is necessary 
always to work under exactly the same conditions, for the 
rise of temperature depends not only upon the nature of 
the particular oil, but also upon numerous other conditions ; 
thus, upon the quantity and strength of the acid, the 
temperatures of the two liquids, the duration of the operation 
of mixing, the nature of the vessel, etc. When the tem- 
peratures of the oil and acid have been noted, both are 
weighed off into small glass vessels, and mixed whilst stirring 
with a delicate thermometer ; the highest temperature shown 
by the thermometer' is observed. A peculiar sign of a dry- 
ing oil, as opposed to a non-drying oil, is afforded by the 
" elaidin test," in which the olein of the oils is converted 
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4 DRYING OILS 

into elaidin by the action of nitrous acid. The non-drying oils 

become solid or buttery, the drying oils on the contrary become 

pasty or remain unaltered ; this property affords a method 

for testhig the purity of an oil, by observations of the time 

required for soHdification and the colour of the solidified 

mass. Linseed, poppy, and walnut oils remain unaltered ; 

cottonseed, sunflower, and beech-nut oils become pasty. The 

elaidin test is carried out by mixing in a large test-tube, with 

continued violent shaking, 10 volumes of oil, 1 volume of 

water, and 2 volumes of fuming nitric acid of specific gravity 

1*45. After some time a saturated solution of potassium 

nitrite is carefully allowed to run down into the test-tube, 

the time and manner of the solidification are then observed. 

r Mulder makes the following statements as to the com- 

[ position of linseed oil : it is a mixture of linole'in, as principal 

I constituent, with olein, palmitin, and myristin ; it has the 

\following percentage composition : — 

A. B. 

C 76-9 76-8 

H IM 11-2 

12-0 12-0 

According to Mulder, poppy oil has the same composition 
as linseed oil ; its percentage composition is 

O . • • 

H. . . . 
O . . . 

Its principal constituent is linolein ; it contains also olein, 
myristin, and laurin. 

Lefort gives the following as the composition of hempseed 
and walnut oils : — 

Hempseed oil. Walnut oil. 

C . . . 71-0 70-9 70-6 70-6 
H . . . 11-8 11-8 11-6 11-7 
O . . . 17-2 17-3 17-8 17-7 



A 


» 


B. 


C. 


76-5- 


-76-7 


77-2 


76-5 


11-5- 


-11-8 


11-4 


11-2 


11-8 




11-4 


12-2 



Hempseed oil. 


Walnut oil. 


76-0 


76-1 76-0 


11-3 


11-3 11-2 


12-7 


12-6 12-8 



CHEMICAL AND PHYSICAL PROPERTIES 
whilst Mulder found 

H . 
. 

Walnut oil contains olein, myristin, much laurin, also linolein ; 
it does not contain stearin or palmitin. 

From his investigations of linseed, poppy, and walnut oils 
Mulder draws the following conclusions: — 

1. The drying oils which were examined differ in per- 
centage composition, and thus cannot be regarded as the same 
mixture of the same fats, although they may contain the same 
drying principles. Also they cannot have the same com- 
position as non-drying oils. 

2. Stearin was not found in any of the drying oils 
examined. Linseed oil contains ._a xertain . _ quantity of 
palmit in and ^ny ristin ; poppy and walnut oils contain 
myristin and laurin. Each of the oils mentioned contains 
a certain amount of ple'm. The percentage composition of 
the oils accords with these constituents. 

3. There are no grounds for recognising any differences 
in a pure drying oil of the same species, age, etc., which are 
of importance in view of its use by artists and painters. 

Mulder called the principal constituent of linseed, 
poppy, walnut, and apparently of all drying oils, linolein, 
CgH503(C32H2yOg)3,^ the important component of which is 
an acid, hnoleic acid, HO.C32H27O3, which is set free by 
saponification. 

The substances produced from linseed oil in drying, 
according to Mulder, are 

Linoleic anhydridey C32H27O3, a slimy mass like melted 
indiarubber. 

Linoxic acid, HO.C32H25O9, obtained by the oxidation of 

1 Old notation, = 6, = 8. 
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linoleic acid in air, either of the free acid or of its compoimd 
with lead oxide. There are two forms of this acid, one 
colourless, the other red ; each can be changed into tlie 
other. Heat turns the white acid red, Ught turns the red 
acid white. Alkalis change the white to red, as also strong 
acids, by which the amount of combined water is decreased 
by one equivalent. 

Linoxyn, C32H270]i, is a product of the oxidation in air 
of linseed, poppy, and walnut oils. Bases transform it into 
linoxic acid. By heat it is turned red, but again becomes 
white on exposure to light. Thus there are both white and 
red modifications of linoxyn. Its constitution is expressed by 
the formula 2HO.C32H25O9, which should be compared with 
that of linoxic acid. Mulder states that olein or olej c^cid is 
a constituent of the drying oils. ; it produces sebacic acid on dis- 
tillation, which is not accompanied by linolein or linoleic acid. 

Since the important researches of Mulder, which were 
carried out at a tolerably early period (the German transla- 
tion of the Dutch original appeared in 1867), the wor> of 
Hazura and Bauer has somewhat altered our knowledge of 
the subject. The results are given below, so far as they are 
necessary to an understanding of the composition of the 
drying oils. 

Bauer and Hazura found in hempseed oil as the principal 
constituent hempolic acid, which on fusion with caustic 
potash at a low temperature produces chiefly myristic, acetic, 
and formic acids ; azelaic acid is also obtained in small 
quantity. From 100 parts of hempolic acid 55 parts of crude 
fatty acids were obtained, which were regarded as myristic 
acid. The chief product of the oxidation of hempolic acid is 
sativic acid, which forms salts with metals. 

Hempolic is an acid of the series CnH2n_402, and accord- 
ing to analytical results has the same composition as linolic 
acid, C18H32O2. 
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iJ Sunflower oil contains principally the glycerides of linolic 

It acid, CigHggOg, and oleic acid, C18H34O2. Si nce the iatter-ia^ 
p resent in but small amount, the liquid fatty jacids of 
s unflower oi l form the most suitable material for a study 
of linolic a cid. These acids would be obtained by saponifying 
the oil with alcoholic potash, dissolving in water^ neutralising 
by acetic acid, precipitating with lead acetate, extracting the 
lead salts by ether, and decomposing the ethereal solution 
by dilute sulphuric acid. 
I In the course of their investigations Hazura and Bauer 



I 



found that linoleic acid is not a single acid, but contains four 
different fatty acids. It consists of 80 per cent, of linolenic 
acid, CigHgoOg, with isolinolenic acid, CigHgoOg, linolic acid, 
CigHggOg, and oleic acid, C18H34O2. Dilute alkaline solutions 
of the liquid fatty acids of linseed oil give, on oxidation by 
potassium permanganate, dihydroxystearic acid, Ci8H3402(OH)2, 
tetrahydroxystearic (sativic) acid, Ci8H3202(OH)4, linusic acid, 
Ci8H3o02(OH)e, and isolinusic acid, Ci8H3o02(OH)6, also small 
qu?:ntities of azelaic acid, C9Hig04, and other lower fatty 
acids. In the oxidation of concentrated alkaline solutions, 
through breaking up of the molecules, azelaic acid is formed 
as the principal product. 

In the bromination of the fatty acids of linseed oil are 
formed oleic acid dibromide, linolic acid tetrabromide, linolenic 
acid hexabromide, and isolinolenic acid hexabromide. The 
liquid fatty acids of hempseed, poppy, walnut, and cottonseed 
oils are not individual acids, but mixtures of unsaturated 
fatty acids. ^"' 

The liquid fatty acids of hempseed oil consist chiefly of 
linolic acid, CigHggOg, with small quantities of linolenic acid, 
CigHgoOg, isolinolenic acid, CigHgoOg, and oleic acid, C18H34O2. 

The liquid fatty acids of walnut oil consist principally of 
linolic, linolenic, isolinolenic, and oleic acids. 

The liquid fatty acids of poppy oil contain linolic acid as 
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• 

principal constituent, considerable quantities of oleic acid, and 
very small amounts of linolenic and isolinolenic acida 

The liquid fatty acids of cottonseed oil contain no acid of 
the series G^^^^^O^^ ; they consist of two parts of linolic acid 
to one part of oleic acid. 

7^ According to Hazura, the acids of the drying oils all 
behave towards the oxygen of the air in a similar manner. 
The rapidity of the oxidation depends on the proportion of 
linolic to linolenic acid in the particular oil. The more 

I linolenic acid is present, the more rapid is the oxidation. 
The oxidation, however, does not consist alone in the satura- 
tion of the free valencies with oxygen, but oxygen is inter- 
\posed between carbon and hydrogen, so that the products 
contain alcoholic hydroxyl groups. There is no difference 
between the oxidation of the acids of the drying oils and of 
their salts. When thin layers of these acids are exposed to 
the air at the ordinary temperature, or when the temperature 
at which the oxidation takes place is about 80° C, 
anhydrides are formed at the conclusion of the oxidation. 
From the slimy resinous products of oxidation sohd sub- 
stances are finally formed, which are insoluble in ether, but 
are again converted into acids soluble in ether when 
heated with alkalis. It is impossible to decide in what 
manner these anhydrides are formed ; whether from two 
molecules of the hydroxy -acids one molecule of the anhydride 
is formed, or whether aPn inner anhydride is produced. In 
this connection it is to be noted that, in all processes in 
which oils dry, only linolic, linolenic, and ' isolinolenic acids 
participate, since it is known _that oleic acid form^jao solid 
product by oxidation A^ith the oxygen of the air. 

Hazura doubts the existence of Mulder's red linoxic acid, 
Mulder is incorrect in stating that all the glycerin of linseed 
oil is first oxidised and that the oxidation commences with 
the glycerin of the glyceride of linole'ic acid. Old samples 
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of linseed oil have been found to have an acid value of 8*9 
and 12*2 ; this shows that oxidation may commence with the 
glycerin, but very probably only with that contained in olein, 
palmitin, and myristin. Accordingly linohn is oxidised to the 
glyceride of hydroxylinolic acid, and there is produced a sub- 
stance soluble in ether, which should be called hydroxylinolin, 
in order to distinguish it from Mulder's linoxyn. It cannot 
be ascertained what happens next, whether by the longer 
action of the air this substance is converted into the anhy- 
dride of hydroxylinolic acid (Mulder's linoxyn), neither can 
we say what alterations the free acids, oleic, palmitic, and 
myristic, undergo. 
'-^y^ The most important property of the drying oils is that,] 
when exposed in thin layers to air, light, and heat, they dry 
to a soHd, elastic skin, and in thick layers or in bulk thicken 
so that they become sticky and almost syrupy. By the action 
of air alone drying is slow ; it is more rapid when light assists, 
and most rapid under the influence of heat ; it takes place with 
the greatest ease when certain substances are added to the 
oil which faciUtate the drying. It was formerly believed that ' 
additions of certain substances, such as metallic compounds 
rich in oxygen, assisted drying by giving up oxygen to the 
oils at an elevated temperature, so that the fatty acids of the 
oils were oxidised to a certain extent, and that the oxidation 
thus initiated could then proceed to the point of solidification. 
This opinion was accepted for many years ; upon it were 
based the different methods for preparing boiled oil. How^- 
ever, an observation of Chevreul should have been sufficient 
to indicate the true theory of oil boihng ; he found that the 
oxygen compounds of lead and manganese simply absorb 
oxygen from the air and transfer it to the oil. When linseed 
oil, which has been treated w^ith manganese, is mixed with 
raw linseed oil, there results a product which absorbs oxygen 
far more rapidly than if each constituent were taken alone. 



10 DRYING OILS 

Thus there is no doubt that the quantity of oxygen absorbed 
in a fixed period of time does not proceed from the manganese 
oxide in the oil, because it contains less oxygen than the 
manganese oil The explanation is as follows. The raw oil 
giBSorbs in the same time a larger quantity of oxygen, 
because it is offered to the oil under the most favourable con- 
ditions ; the oxygen is taken up by the manganese oxide, and 
by it transferred to the oil; in this manner a continuous 
conveyance of the oxygen of the air to the manganese oxide, 
and thence to the oxidisable constituents of the oil, takes 
place. 
From his researches on the behaviour of the several con- 
stituents of linseed oil in drying, alone and in combination 
with metalUc oxides, Mulder drew the following conclusions : — 

1. At the ordinary temperature the oxidation of linoleic 
acid, when spread out in a very thin layer, attains a 
maximum in several days. 

2. Linoleic . acid, in combination with lead oxide, is com- 
pletely oxidised to linoxyn by contact with air; the pro- 
duct is resinous in the free state, bufc by long contact with 
lead oxide becomes hard and brittle. 

3. In the drying of linseed oil two periods are to be 
distinguished — {a) to the formation of linoxyn (the oil 
dries, but remains elastic) ; (6) the transformation of linoxyn 
into a compound containing more oxygen (the layer becomes 
brittle, and loses its durability). 

4. Linoxyn is the real basis of the durability of all 
paints and varnishes ; it remains long unaltered and elastic 
when little exposed to sunlight ; the oxidation of linolem in 
semi-darkness is considerably slower than in the light, but 
otherwise is quite the same. 

I 5. The opinion that linseed oil, which has simply been 

^ heated to 70° to 100° C, dries better than ordinary oil, is com- 
pletely erroneous. 
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6. Strong sulphuric acid makes linseed oil more capable 
of absorbing oxygen. 

7. Manganese borate is effective because it absorbs 
oxygen and readily gives it up again to the oil. 

8. The action of litharge is different according as it is 
heated with linseed oil or only mixed with it. 

9. Linseed oil mechanically refined by treatment with 
animal charcoal does not dry more quickly than the raw 
oil ; thus raw linseed oil contai ns no substance which hinders 

drying. 

1 0. Eed lead and other substances, which give off oxygen, 

cause the formation of linoxic acid ; the heavy metallic 
oxides only cause the production of linoxic acid compounds 
when they are heated with the linseed oil and exposed to 
the air. 

11. The drying properties of linseed oil which has been 
boiled with litharge cannot be increased by simple admixture 
with metallic oxides rich in oxygen. 

On examining these conclusions two points are especially 
evident, which . show that Mulder recognised the different 
action of different driers. In (7) he says : " Manganese borate 
is effective because it absorbs oxygen and readily gives it up 
again to the oil," and he is of the opinion that this substance 
causes a peculiar chemical action on the oil. In (8), on the 
other hand, " the action of litharge " occurs, and in the argu- 
ments upon which the conclusions are based the following 
statements are made. The actions of litharge and red lead 
are founded on different principles, both do not act in the 
same manner ; the latter can give up oxygen, the former acts 
simply as lead oxide. Eed lead paints are known to be very 
hard ; in fact, red lead gives off oxygen, and lead linoxate is 
produced. At the ordinary temperature litharge has not the I 
property of hardening linseed oil ; red lead thus acts partially 
as lead oxide and partially as an oxidising agent. Litharge 
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differs in its action according as it is boiled with linseed oil 
or simply mixed with it. Eed lead and other oxidising sub- 
stances cause the formation of linoxic acid ; all other heavy 
metal oxides produce linoxates only when they are boiled or 
heated with linseed oil exposed to the air. 

Mulder thus recognises two different processes as the 
cause of the drying of oils — (1) the absorption of oxygen by 
substances (manganese borate) contained in the oil and its 
transference to the oil, and (2) the actual absorption of 
oxygen by the oil from added metallic oxides rich in oxygen. 

The increase of weight in drying, owing to absorption of 
oxygen from the air, was proved by Mulder by numerous 
experiments. More recently Weger and Lippert have taken 
up the subject ; an account of their results follows. Weger 
made a series of determinations of the oxygen absorbed by 
linseed oil and by oil boiled with different driers. The oils 
were spread out in the thinnest possible layer upon glass 
plates of about 88 sq. mm. surface and weighing about 25 
grms.; it is rather difficult properly to spread out thickened 
oils. These tests do not give absolute valid results, since 
the rapidity of the drying depends on the temperature, light, 
air, etc.; the process for determining the absorbed oxygen 
can only be used to obtain relative figures when parallel 
experiments are undertaken at the same time ; a mean 
value is obtained from the results of a large number of ex- 
periments. The same holds good for the determination of 
the time of drying. Weger generally considered the oils to 
be dry when the skin of oil did not adhere to the finger 
lightly pressed on. In the case of raw and boiled linseed oil 
the maximum weight is obtained when the oil is just dry, or 
in twelve to twenty-four hours after drying. The time at 
which the oils are hard, i.e. when the layer can bear a strong 
pressm'e with the finger, must in every case be regarded as 
coinciding with the occurrence of the maximum weight. 
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Weger observed neither with raw nor boiled linseed oil, after 
the layers were hard, any considerable increase of weight, 
i.e. none apart from that due to atmospheric conditions. Still, 
the probability of a further absorption of oxygen cannot be 
denied, but this must be smaller than the loss of volatile 
materials. The thickened oils, boiled rosin oil and wood oil, 
give large deviations between the time of drying and of attain- 
ing the maximum weight. All the linseed oils used by 
Weger in these experiments were genuine. When the dry- 
iiig__pgriQd^and -the, increase of wei ght a re ^graphically repre- 
sented, there is found to be a slow, then a rapid^ rise of 
the curve, slow increase to a maximum, longer or shorter 
duration at this^eight, tolerably^ rapid descent, and finally 
quite a slow decrease. 
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18 DRYING OILS 

The figures for the maximum increase of weight in the 
experiments quoted here vary between 16*8 and 19'9 per 
cent.; the highest value obtained was 20*6, for an artists' 
linseed oil. No certain distinction in the increase of weight 
of linseed oils of different origins could be found, either in 
these experiments or in another series ; the differences are 
too small to be used to discriminate in doubtful cases. On 
the other hand, the differences between the results given by 
the same sample at different times are so large that the method 
cannot be used for the detection of small adulterations ; 
more gross adulterations are better detected in another 
manner. The absorption of oxygen cannot also be used for the 
detection of adulteration, since rosin oil and also rosin absorb 
considerable quantities of oxygen in the presence of driers. 

The chief difference in the behaviour of boiled ^nd raw 
linseed oil is that the former increases in weight more 
rapidly than the latter; whether the decrease in weight is 
more rapid is yet to be determined. This is probably 
the case ; it would agree with the small durabiUty of a coat of 
boiled oil afi compared with one of raw oil. Further, on the 
average the values for boiled oil are somewhat lower than those 
for raw linseed oil. 

There is no certain difference between the increases 
of weight of linseed oil boiled in different manners. In 
general, with a normal quantity of driers, low numbers 

indicate a blown or a highly heated oil, which may be 

* 

adulterated with a non - drying oil, and high numbers 
indicate an oil prepared in the cold, which may contain 
rosin or rosin oil ; no more exact criticism can be made. 

The difference between the behaviour of rosin oil and 
boiled rosin oil, that is, between the pure oil and the oil 
containing driers, is exceedingly interesting and worthy of 
notice ; whilst the former loses 15 to 26 per cent, in two 
months, becoming thick without drying and still continuing to 
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lose in weight after this time, boiled rosin oil behaves similarly 
to linseed oil (raw and boiled), it increases considerably in 
weight, dries, and later loses weight. Boiled rosin oil, how- 
ever, differs from boiled Unseed oil in that its increase in weight 
is greater and that it still absorbs oxygen for 5 to 9 
days after it is dry, before it attains its maximum weight. 
The boiled rosin oils decrease more slowly in weight after 
drying than boiled linseed oil ; this is noteworthy, in drying a 
portion of the rosin oil must volatilise, so that the actual 
absorption of oxygen is greater than is indicated by the 
increase in weight. 

Accordingly to Weger, the oils blown at a high temper- 
ature, when in a thin layer, begin to increase in weight before 
the unblown oils ; the increase is also at first more rapid and 
generally com6s to an end sooner, that is to say, the oils dry 
sooner ; the increase of weight is, however, always lower than 
that of the raw oils. The manner of blowing is very 
important ; the temperature and duration of the air current, 
the size of the air-bubbles, and the proportion of air to oil 
are of considerable influence on the course of the oxidation. 
Oils blown in the cold, even for 25 hours, show no apparent 
alteration in the amount of absorbed oxygen ; they dry no more 
rapidly and are not much thicker than the original oils. It 
would appear that very little or no oxygen is taken up. 

Although a moderately blown oil shows a decrease in the 
oxygen value as compared with the original oil, yet Weger 
does not consider the difference large enough to render the 
process valuable in analytical practice. It cannot be certainly 
decided whether a thickened linseed oil of unknown origin has 
been blown or not ; thus it cannot be ascertained whether a 
boiled oil has been made by a process of oxidation or simply 
by heating. The case is quite different when blowing has 
been continued until the oil has thickened, the oxygen absorp- 
tion is then considerably smaller than that of the raw oil. 
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The question now arises, Can an oil thickened by blowing 
be distinguished by an estimation of the oxygen absorption 
from one thickened by boiling ? Thick boiled oil shows 
a similar behaviour to thick blown oil, it does not increase 
in weight equally with the raw oiL However, the difference 
between a thick boiled and a thick blown oil appears to 
be that the former attains its maximum weight later and 
dries more slowly. The maximum weight of a thick boiled 
oil is not attained for some time after the oil is dry ; the 
point of dryness is not sharp, and is difficult to recognise. 

Weger also examined the oxygen absorptions of hemp- 
seed, poppy, and Chinese wood oils. The samples of the two 
former oils examined gave almost the same increase of weight, 
which was less than that of raw linseed oil ; these oils also 
have lower iodine values than linseed oil. No definite con- 
nection between iodine value and increase of weight could be 
recognised, otherwise there is nothing calling for remark. 

The wood oils differed more widely than linseed oils ; 
from the table an increase of 14 to 16 per cent, may be 
taken as a mean value ; figures considerably under and above 
this mean value have been obtained. With the exception 
of experiment 77, the experiments quoted were performed 
in the summer and old oils were used. But in earlier 
researches the highest value, 21*7 per cent., was obtained in 
the winter from a recently imported oil. The great differ- 
ences in the oxygen values and also in the other constants of 
the oil, as well as the different manner of their behaviour in 
gelatinising, etc., appear to have their origin less in differences 
of the place of production than in the numerous adulterated pro- 
ducts which come into the market under the name of wood oil 
(adulterated in China itself, or also the so-called varnish oil). 

The drying point and the time when the maximum 
weight is attained are often separated by several days in the 
case of wood oil. 
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22 DRYING OILS 

With regard to the work of Mulder and of Bauer and 
Hazura, Ilalphen c<aine to tlie following conclusions as to the 
manner of tJie action of oxygen upon the drying oils : — 

1. The acids of the drying oils behave in a similar 
manner towards the oxygen of the air; differences occur 
only in the rate at which the oxygen is absorbed, which 
differences depend upon the relative quantities of linolic 
and linolenic acid in the different drying oils. The larger 
the quantity of the former the more rapid is the oxidation. ^ 

2. The oxygen absorbed by the oil is not only used to 
saturate the unsaturated valencies, but at the same time gives 
rise to the formation of alcohohc compounds. 

3. There appears to be complete similarity between the 
oxidation of the acids of the drying oils and of their salts. 

4. When the acids of the drying oils are exposed to 
oxidation by the atmosphere for a long time, or for some 
weeks at a temperature of 80° C, anhydrides are formed. 

5. The products of oxidation of viscous or resinous nature 
change into solid substances insoluble in ether, which, when 
saponified by alkaUs, produce compounds soluble in ether. It 
is thus impossible to decide whether these anhydrides are 
formed by the condensation of two molecules with elimina- 
tion of water, or whether they are formed by the elimination 
of water between the carboxyl group and a peroxide group of 
the same molecule. 

6. It is to be supposed that the acids, which take part in 
the oxidation of the oil and impart to it its drying properties, 
are linolic and linolenic acids ; oleic acid, which forms no solid 
products by oxidation with air, does not take part in the process. 

7. The oxidation of the drying oils begins or rather 
is initiated by the glycerin, but the action appears to 
depend upon, the glycerin united with oleic, palmitic, and 
myristic acids. In this manner linolenic acid is oxidised and 
changes into the anhydride. 
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For much work upon this subject we are iu(lel)ted to 
Livache. After the treatment of the drying and non-drying 
fatty oils with such substances as would give them the 





Increase in 


Insoluble 


Soluble 






Weight 


Fattv Acids 


Fatty Acids 




Oil. 


Per Cent. 


Per Cent. 


Per Cent. 




After 


After 


After 


After 


After 


After 




One 


Two 


One 


Two 


One 


Two 




1 


Year. 


Years. 


Year . 


Years. 


Year. 


Years. 




Drying Oils — 










Linseed Oil . 


ia-3 


7-0 


44-3 


38*2 


40-9 


50-2 


Somewhat greasy be- 
fore solidification. 


Walnut Oil . 


9-4 


7-6 


44-3 


45-4 


40-9 


37-6 


Slightly greasy be- 
fore solidification. 


Poppy Oil . 


8-0 


5-3 


51-4 


44-4 


33-0 


42-3 


Fluid to the touch 
before solidification. 


Cottonseed Oil 


6-3 


4-6 


61-7 


57-6 


30-9 


31-9 


Fluid to the touch 
before solidification. 


Beech-nut Oil 


6-1 


5-0 


64-4 


55-2 


25-6 


39-1 


Becomes sticky be- 
fore solidification. 


Non-Drying 
















Oils- 
















Colza Oil 


6 


5-3 


76-7 


69-1 


25-6 


26-1 


After two years has be- 
come thick, sticky, 
and transparent. 


Sesam^ Oil . 


5-2 


4-8 


76-8 


68-7 


22-2 


25-0 


After two years has be- 
come thick, sticky, 
and transparent. 


Arachis Oil . 


5-7 


5-6 


72-5 


66-6 


24-5 


29-7 


After two years has 
become very thick, 
but remains sticky. 


Rape Oil 


5-8 


5-4 


77-2 


75-8 


15-6 


19-4 


After two v«ars has be- 
come thick, sticky, 
and transparent. 


Olive Oil 


5-3 


5-7 


73-1 


66-2 


15-6 


28-9 


After two years has 
become very thick, 
















but remains sticky. 



maximum drying properties, they were exposed in thin layers 
to the action of the air. The exposure lasted two years ; each 
year the increase in weight and the proportion of insoluble 
fatty acids was determined. From the figures given in 
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the table the following conclusions are to be drawn. In 
the first place, oxygen acts upon the drying oils, converting 
them into solid products, and upon the non-drying oils, 
turning them slowly rancid, in which process part of the 
insoluble fatty acids is converted into soluble acids. This 
transformation increases with the time in proportion to the 
drying capacity of the particular oil ; the higher fatty acids 
split up after oxidation into lower homologous acids. 

In the second place, the examination of the products 
shows, as also the analyses after two years, that the non- 
drying oils apparently, in appearance and also in composition, 
approach certain of the drying oils, as the latter are after 
the lapse of an equal period of two years. The action is 
relatively slow, but it should be observed that the same 
result is attained in far shorter time when the non-drying 
oils are subjected to a more energetic action of oxygen ; 
these oils are converted under certain conditions into solid 
products, and experiments have led to favourable results, 
ps^ Livache gives the following as the conditions which 
facilitate the drying of a drying oil: — 

1. The oil must be refined and clear. 

2. It is advisable to allow the oil to stand ; a commence- 
ment of the oxidation by the absorption of oxygen from 
the air is advantageous. 

3. It is better to employ an oil which has been heated, 
rather than a raw oil. 

4. The drying capacity of a raw or boiled oil is increased 
by the addition of certain quantities of lead or manganese 
compounds, or by metallic lead in a finely divided state. 

Livache regards the following as the principal factors 

in causing an increased absorption of oxygen by a drying 

I oil such as linseed oil: (1) the degree of purity of the 

oil, (2) the time which has elapsed since the extraction 

of the oil, (3) the manner in which the oil has been 
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I stored, (4) the temperature, and (5) the addition of certain 
substances. 

1. l^he purity of the oil. — The oil as it comes from 
the presses contains water and other impurities, which must 
be removed from the oil if it is to dry to an elastic mass. 
This purification is accomplished by allowing the impurities to 
deposit, by filtration or by chemical treatment. The latter 
method, which generally consists in the treatment of the oil 
with sulphuric acid, removes those substances which play 
no part in the drying of the oil, since they do not unite 
with oxygen. If recently pressed linseed oil, and linseed oil 
which has been treated with sulphuric acid and washed with 
water to neutral reaction, be exposed to the action of the air, 
the latter absorbs more oxygen than the former. 

2. Age of the oU, — Linseed oil, preserved with exclusion 
of air,. subsequently absorbs more oxygen the longer it has 
been kept. 

3. Manner of storage. — When the oil is stored so that 
air has access it absorbs a certain quantity of oxygen. Ex- 
perience has shown that the oil only absorbs oxygen slowly, 
but that when the absorption has once commenced it proceeds 
more rapidly. The absorption of oxygen will thus take place 
more quickly the longer the oil has been exposed to the action 
of air. 

4. Action of heat. — The temperature at which the oil is 
exposed to the action of the air influences the rate of drying. 
Chevreul showed that linseed oil dried more quickly at 25° to 
28° C. than at 15° to 18° C. If at the same temperature in 
the presence of air, raw linseed oil and the same oil which has 
been previously heated are spread out in thin layers, the 
drying is different. Linseed oil, which had been heated at a 
temperature at which isolated bubbles of gas rose in the oil, 
dried better, and required only half the time to become hard. 

Fahrion believes that when oil is gently boiled in deep 
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vessels, into which the oxygen of the air cannot enter, the 
transformation of the unsaturated fatty acids is hastened, and 
pro(Uicts are formed which more (quickly absorb oxygen. 
Chevreul, on the contrary, who heated oil under the same 
conditions, found that linseed oil which had been heated for 
5 hours dried less well than oil heated for 3 hours. There is 
no doubt that by the action of the continued beating a 
portion of the glycerin is decomposed, as the smell of acrolein 
indicates, and the acids set at liberty ; but we know that linoleic 
acid dries less quickly than linolein. On the same grounds, 
doubt is cast upon the observation of Mulder that linseed oil 
which had been heated at 70° to 100° C. dried less well than 
raw linseed oil. In this connection we may say that (a) a 
moderately high temperature increases the drying of raw 
linseed oil, and (6) raw linseed oil dries less rapidly than the 
same oil, which has been previously heated, when the two are 
exposed at the same temperature, but this is only the case 
when the latter oil has not been' heated until it begins to de- 
compose and to form certain quantities of free acids. 

5. Additions of certain stibstances. — It has been known 
for a long time that the addition of certain substances, white 
lead, litharge, manganese oxide, etc., increased the drying 
capacity of a drying oil. In certain cases these substances 
are mixed with the cold oil, in other cases they are heated 
together with the oil. When lead compounds are used the 
oil is heated with one or more of them ; at the time when 
free acids are formed by the action of heat, the substances 
which increase the drying capacity are added, oxidation takes 
place by means of the oxygen of the lead oxide, and when the 
process is finished a certain quantity of metallic lead is found 
in the residue. 

This action appears to be important for the following 
reasons. In the first place, experience shows that lead 
oleate imparts no real drying property, since it becomes 
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friable ; in the second place, the acids of linseed oil dry less 
quickly than linoxyn. There is, however, no doubt than an 
oil heated with lead oxide possesses greater drying capacity 
than a raw oil or an oil without lead oxide. Thus it may be 
asked whether the drying capacity is not increased by the 
oxygen of the lead oxide. When it is remembered that a 
good linseed oil, when exposed to the air, absorbs 16 to 1 8 per 
cent, of its weight of oxygen in order to be transformed into 
a. soUd dry substance, and that the quantity of lead oxide 
(red lead or litharge) used in practice does not exceed 3 to 8 
per cent, as a maximum, it will be seen that this absorption 
of oxygen cannot proceed from the lead oxide, since it does 
not contain more than 0*7 instead of the 18 per cent., which 
is required ; thus the addition of lead oxide can play but a 
small part in the oxidation of the oil. Also a portion of the 
lead oxide loses no oxygen, since it forms a lead soap with the 
oil. However, it is certain that the quantity of metallic lead 
left at the end of the operation corresponds to some amount 
of oxidation, and it has been found from a study of the action 
of oxygen upon the raw oil, that drying proceeds more quickly 
when the oxidation of the oil has once reached a certain point. 
The same observations and conclusions hold good with re- 
gard to the drying property imparted by the use of manganese 
compounds. A just explanation is afforded by the important 
observation of Chevreul, that linseed oil dries in considerably 
shorter time when spread out on a clean lead plate freed from 
every trace of oxide. In this experiment the oil can absorb 
no other oxygen than that supplied to it from the air, the 
drying property is thus imparted by the presence of the metal 
alone. This observation may be further pursued. When a 
good drying oil is mixed in a closed flask with precipitated 
lead (obtained by the action of another metal on the solution 
of a lead salt) the oil acquires good drying properties without 
being heated ; in this case an absorption of oxygen by the oil 
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in the flask is completely excluded. Thus it appears that the 
small quantities of lead which are dissolved in the oil, i.e. by 
its acids, increase the drying properties. 

The drying property due to manganese compounds cannot 
be directly obtained, but the lead in an oil can be replaced by 
manganese. It is sufficient to treat an oil, which has been 
treated with lead, with a manganese salt, e.g. manganese 
sulphate, which by double decomposition produces a lead salt 
insoluble in the oil, whilst the lead is replaced by manganese. 
Oil so prepared has very great drying properties, which far 
surpass those of oil boiled with manganese salts. 

The explanation of this increased drying power of a 
manganese oil is as follows : — When the oil is spread out in 
a thin layer, so that the air can act upon it, it acquires a 
darker colour owing to the higher state of oxidation of the 
manganese oxide induced by the oxygen of the air. In pro- 
portion as the oil thickens in drying, this dark coloration 
disappears ; the oxidation of the manganese oxide has been the 
means of oxidising the oil, and converting it finally into a 
solid and completely colourless mass. 

This coloration, followed by complete discoloration, shows 
that the manganese oxide has served as the means of the 
transformation ; it has taken up oxygen from the air and 
transferred that oxygen to the oil. The same process takes 
place with lead oxide, but less rapidly. 

In oils treated with lead or manganese, the lead or 
manganese plays an intermediate part, absorbing oxygen from 
the air and giving it up to the oil, thus causing the oil to dry 
more rapidly than it would without the intermediary. After 
this explanation the question naturally arises whether other 
metals can play the same intermediate part as lead and 
manganese. The simplest method is to heat oil, previously 
treated with htharge, with metallic salts, the acids of which 
form lead salts insoluble in oil. Linseed oil boiled with litharge 
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dries in 24 hours when spread out in thin layers, as has been 
previously stated ; if the lead be replaced by manganese, it 
dries in 6 hours ; if by copper, zinc, and cobalt, it dries in 
36 hours; and if by nickel, iron, or chromium, in 48 
hours. The observation that an oil, in which lead has 
b^en replaced by manganese, dries more rapidly than an oil 
directly treated by a manganese salt is very important. In 
the industry, we find certain lead and manganese compounds 
preferred ; the choice appears to be influenced by their degree 
of solubility in the oil under the action of heat ; in practice, 
lead acetate and manganese borate are used by preference, 
the reason being that these compounds are decomposed in the 
oil by the action of heat, producing lead and manganese 
oxides, the favourable action of which is known. 

Lead acetate melts in its water of crystallisation at 75° C, 
loses its water and a little acetic acid at 100° C, decomposes 
completely into lead carbonate and acetone at 270° C, and 
also leaves a residue of finely divided lead, which plays a 
great part in the drying of oils. 

Manganese borate is unstable, like all manganese com- 
poirnds; the affinity of boric acid to manganese oxide is 
slight, and by the action of heat the acid is set free. Thus 
the advantage in the use of this compound lies in the easy 
introduction of manganic oxide into the oil. 

We have already seen that unoxidised lead in a very 
porous condition has very great influence on the drying of 
oils; it is thus interesting to learn the action of other pre- 
cipitated metals. Precipitated copper and zinc produce no 
perceptible increase in the drying properties. Chevreul had 
already shown th£|,t linseed oil dried more rapidly when 
spread out on unoxidised lead than on copper, zinc, or iron ; 
it appears that the latter metals have no influence on the 
drying, oil dries on them as slowly as on glass or porcelain. 

As regards other substances besides lead and manganese 
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compounds, which are repeatedly proposed, they have no 
appreciable action. Chevreul had already shown that all 
these substances not only do not increase the drying capacity, 
but that certain of them, antimony salts, for example, even 
decrease it. When a favourable action is occasionally 
observed with isolated salts it is to be attributed to the 
action of heat alone. 

The drying of every drying oil and boiled oil, apart from 
differences in the driers used in the latter, depends on many 
circumstances and conditions. When the same boiled linseed 
oil is spread on the same clean surface (glass is best), differ- 
ences in the temperature and moisture of the air and in the 
light occasion great differences in the time occupied in drying. 
These conditions have long been known in practice, but more 
recently they have been scientifically examined. Weger, to 
whom in conjunction with Lippert we owe the scientific 
explanation of the processes which occur in the preparation 
and use of the drying oils, remarks as follows : — The higher 
the temperature during drying, the more rapidly the oil dries. 
Pure linseed oil, which dries at the ordinary room temper- 
ature in winter in 5 to 7 days, and in summer in 3 
to 4 days, requires in a dark drying oven at 50° C. only 
12 hours, at 95° C. about one hour, and at 120° C. about 
30 minutes. The time of drying of an oil, boiled with 
1 manganic hydrate, at the normal room temperature was 
jabout 14 hours, at 95° C. 30 to 40 minutes, and at 
ll20° C. 15 to 20 minutes. A litharge boiled oil dried 
at the normal room temperature in about 9 hours, and 
at 120° C. in about 20 minutes; a lead-manganese resinate 
boiled oil dried at the room temperature in about 10 
hours, at 95° C. in about 45 minutes, and at 120° C. in 
15 to 20 minutes. The industrial practice of drying coat- 
ings of certain paints and varnishes in the stove at 50° to 
120° C, and recently varnishes at a much higher temper- 
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ature, not only accelerates the drying but also the harden- 
ing of the coats, which is of great importance for many 
articles. 

The influence of light was first studied by Cloez, who j 
allowed light to pass through colourless, blue, red, green, and 
yellow glass before it reached the oil; he found that oxida- 
tion was most rapid under the^lourless glass and least rapid 
under the yellow. Boiled oil exposed to direct sunlight 
required for drying only half or one third of the time it 
required in the shade. This is not only due to the action 
of light, but, when the heat is not absorbed by alum or 
Iceland spar, to the combined action of heat and light. The 
influence of light alone is determined by the fact that boiled 
oil dries more rapidly in diffused daylight than in a dark box. 
The same oil dries in very different times at daytime and at 
night, in summer and in winter. Here again there is the 
united action of heat and light. Mulder also investigated the 
influence of sunlight, not in regard to the rapidity of drying 
in thin layers, but as to the amount of absorbed oxygen and 
the commencement of its absorption by somewhat thicker 
layers. 

The influence of the amount of moisture in the air is not 
as considerable as might be imagined. Sheets of glass coated 
with equally thick layers of the same boiled oil were placed 
under two bell-jars. In one was a dish of water, in the other 
strong sulphuric acid. The illumination and temperature 
were equal. The result was not the same with all boiled oils, 
not in every case did the oil dry over the sulphuric acid more 
rapidly than in the moist air. The reverse was frequently 
the case. Weger could give no general rule ; it appeared to be 
an accident that, of the oils examined, those containing lead 
or lead and manganese dried more quickly in moist air, whilst 
manganese oils, on the contrary, dried more slowly than in 
dry air. It is also true, that when all the conditions are as 
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far as possible the same — the same oil in layers of the same 
thickness, the temperature, light, and moisture the same — the 
same drying result is not always obtained. The causes of 
these differences are not known. Mulder made similar 
observations ; he says : " It is remarkable that when the 
increase in weight of a drying oil is daily observed, quite 
different weights are obtained in different conditions of 
weather, although the temperature and other conditions of 
the air determinable by ordinary methods do not account 
for the difference." " The influence of ozone in the experi- 
ments was not regarded or considered, but it must be recog- 
nised that certain atmospheric conditions, which give rise to 
greater or smaller appearances and differences of oxidation, 
are in no way to be accounted for by differences in moisture." 
Mulder thus supposes certain atmospheric conditions not 
directly perceptible. 

Weger has also investigated the influence of the age of 
boiled linseed oil upon the time which it requires to dry. In 
the oil itself, before it is spread out in a layer, there occurs a 
decrease in drying power, which becomes manifest in certain 
varieties in the course of time. In general it may be said 
that lead-manganese oils decrease in drying capacity ; lead 
oils apparently are similar, but observations extending over a 
long period in this case are wanting ; manganese oils gener- 
ally remain constant, naturally only when changes in atmo- 
spheric conditions are not involved, and when the oil is 
not so loaded with drier that separation takes place in time. 
The decrease in drying power does not depend on the lead or 
manganese compounds employed ; oils boiled with litharge 
and pyrolusite, with lead-manganese resinate and with lead 
linoleate, all show a decrease. With manganese oils the acid 
of the drier also plays no part. An exact proof of these 
statements is not easy. In the first place, it would naturally 
be necessary, if further conclusioQp are to be drawn and the 
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causes of the decrease in drying power ascertained, at each 
period to know exactly the quantity of dissolved metal, for as 
soon as separation of lead or manganese compounds occurs, 
the drying power must decrease. Thus a decrease in drying 
power, without separation of driers, has not yet been proved. 
The results which have led to the conclusions above given 
cannot readily be made free from objection, since the separate 
factors which compose the conditions of experiment cannot 
entirely be regulated. The decrease in the drying power of 
lead-manganese boiled oils may be rectified by making the 
oils to dry more quickly at first than is really necessary. 

The ^ end-produ c t of the oxidation of linseed oil, whether 
obtained by the drying of thin or thick layers, by treatment 
with oxygen or ozonised air, or by the drying of a number of 
thin layers one upon the other, is the substance called linoxyn 
by Mulder. It Js distinguished by great elasticity, absolute 
insolubility in water, alcohol, and ether, and by almost instan- 
taneous saponification by potash in the cold. If the fatty 
acids be separated from the soaps resulting from the saponi- 
fication of linoxyn, it is found that the solid fatty acids have 
not been altered, whilst the liquid fatty acids, on the contrary, 
have changed to greasy substances distinguished by their 
solubility in water and by the formation of certain salts. 
Cloez was the first to investigate this end-product ; he found 
in it fatty acids and an insoluble body. Livache undertook 
the examination of the solid product, which he subjected to 
the action of different solvents. The results are as follows : 
— If the product of the oxidation in the air of thin layers of 
linseed oil be treated with various solvents, no action can 
at first be observed. On continued action it is found, with 
the majority of the solvents, that the transparency is 
increased, and the mass swells up. If petroleum spirit be 
used, which has the most energetic action, it is found that 
a small piece doubles in volume without altering in shape, 
3 
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whilst the liquid is perceptibly coloured. If the oxidised oil be 
ground with a small quantity of one of the solvents a different 
action occurs ; with petroleum spirit, for example, the trans- 
parency increases, the mass swells up and divides into many 
small particles, forming a kind of salve. If more solvent be 
now added it is coloured yellow, and the particles, which 
appear united in a lump, remain in a state of very fine 
division. With ether, turpentine, acetone, acetic ether, and 
carbon bisulphide the same appearances are observed : the mass 
divides more or less quickly, the particles become smaller 
on protracted grinding, become transparent and swell ; on the 
addition of an excess of solvent the particles separate, and 
on standing are deposited, whilst the liquid turns yellow. If 
the grinding with petroleum spirit be continued for a long 
time, until the solvent is not longer coloured, a separation of 
the substance into two portions is observed ; the one insoluble, 
swollen, and transparent, the other soluble and imparting the 
colour to the solvent. When the swollen mass is dried, an 
elastic substance, which can be rubbed into non-coherent 
particles between the fingers, is obtained. On evaporation of 
the solvent a solid residue is obtained, adhering to the fingers 
and softening at a gentle heat. There is thus a certain 
similarity between the product of the oxidation of a drying 
oil and caoutchouc. Both swell in certain liquids, become 
transparent, and appear to dissolve, but in reality only a 
portion dissolves. Certain industrial applications are based 
on this property, as also on the behaviour towards mineral 
oils. If any non-porous surface be covered with a drying oil, 
which has been well boiled and tolerably thickened, the entry 
of the oxygen into the mass of the oil is diflBicult, it acts only 
upon the surface and soon forms a solid skin, which protects 
the oil beneath from the further action of oxygen. This 
difficulty is avoided by mixing the oil with turpentine, or 
by applying heat or using very thin layers, of which naturally 
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a larger number is necessary. In the first case, the action of 
oxygen only takes place after the evaporation of the solvent, 
and it would be equally good to work with an unthickened 
oil. In the second case, the labour of obtaining a layer of a 
definite thickness is increased, and in certain industries it is 
diflBcult to use a thin oil, which is absorbed by the object 
to be covered before it can form a solid and elastic coating. 

The industries of the present day use large quantities of 
solid oxidised oil in preparing impenetrable coatings. Oil is 
allowed to flow over a woven fabric of several thousand square 
metres surface, hanging vertically. The very thin layers of 
oil rapidly absorb oxygen and become sohd ; the absorption 
of oxygen is accelerated by conducting the operation in 
heated rooms. The whole treatment is automatic in action, 
and at little cost a layer of dried oil several centimetres in 
thickness is obtained. It can be understood that, with this 
solid mass and suitable solvents, waterproof fabrics can be 
made, similar to those obtained from caoutchouc. Either the 
dried oil, swollen in solvents, is used alone, or mixtures 
of the finely divided linoxyn ground in an excess of solvent 
to the required consistency. It is then sufficient to volatiUse 
the solvent, in order to obtain a residue of solid oxidised oil, 
completely dry throughout, however thick the layer may be, 
since the oil, when it is used, contains the whole of the oxygen 
it is capable of absorbing. The " solutions " of oxidised oil may 
be combined with those of indiarubber, guttapercha, and other 
substances soluble in the solvents, so that when the solvents 
have evaporated the residue has the combined properties of 
all the substances used. 

In combination with vegetable fibres, such as cotton, Hnen, 
sawdust, and products obtained from these substances, woven 
fabrics, paper, etc., linseed oil possesses the property of 
becoming heated ; thus danger of fire is often caused when 
such materials as are used in works for cleaning purposes, 
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saturated with linseed oil, are not removed from the work- 
rooms or kept in iron vessels. Similar spontaneous com- 
bustions occur with other oils, but not so frequently. Kiessling 
makes the following observations on this subject : — ^With a 
sufficiently large surface of contact between a fatty oil, 
which spontaneously absorbs oxygen, and the air, and suitable 
protection against external cooling, a considerable amount of 
heat is developed by the process of oxidation, which, in the 
case of a fibrous substance saturated with oil, may lead to 
spontaneous combustion. The quantity of heat produced by 
spontaneous oxidation depends on the nature of the oil (rape 
oil shows no, cottonseed oil a small, linseed oil a gi^eat, and 
boiled linseed oil the greatest, rise of temperature), also on 
the nature of the fabric (silk produces the greatest, hemp the 
least, rise of temperature, wool and jute are intermediate), on 
the external temperature (the higher this is the greater is 
the development of heat), and on the light. The activity of 
micro-organisms is without effect in this case ; the process is 
purely chemical. 

Mackey is not of the same opinion in regard to the 
action of oil upon cotton-wool. He remarks that the fire 
insurance offices fix the premiums of the cotton spinners 
according to the nature of the oil used in preparing the 
cotton ; the oil must not contain more than a certain per- 
centage of unsaponifiable matter, and its point of ignition 
must not lie below 171° C. It is, how^ever, better to 
determine directly by experiment the danger of spontaneous 
ignition. For this purpose cotton-wool saturated with the 
oil is heated in a bath at 100° C, the bulb of the thermo- 
meter being in the middle of the cotton-wool. By taking 
the temperature after heating for a certain period it is found 
whether the oil inclines to spontaneous ignition. Experi- 
ments with cottonseed and olive oils showed that the 
temperature rises far less with neutral oils than in the 
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presence of free fatty acids. For example, the temperature 
of the cotton-wool after 3 hours was, in the case of olive 
oil, 100° C, but with free fatty acids, 192" C. After some 
time the temperature again sinks. Frequently, in the 
presence of much free fatty acid, the cotton-wool was charred ; 
but ignition was never observed. The cause of the rise of 
temperature is not to be found exclusively in the oxidation 
of the fats and fatty acids, since the temperature of slag-wool 
heated with oil or fatty acids did not rise above lOO*' C. 
Thus the cotton must be attacked by the fatty acids, and the 
temperature thereby increased. 



CHAPTER II 

THE PROPERTIES OF AND METHODS FOR OBTAINING 

THE DRYING OILS 

The number of the drying oils, which are extensively used in 
the industries, is small as compared with the number of 
non-drying oils, and even amongst these — candle-nut oil, 
cedar-nut oil, hempseed oil, wood oil, cherry kernel oil, 
linseed oil, poppy oil, walnut oil, castor oil, sunflower oil, 
grapeseed oil — linseed oil is the only one which, apart 
from the locally used hempseed oil, is important in the 
preparation of varnishes and paints. Candle-nut, cedar-nut, 
walnut, sunflower, and grapeseed oils are so rarely pro- 
duced, and in such small quantities ; hempseed oil is used 
in Eussia alone ; wood oil is much too dear, and the imports 
insufficient ; castor oil is excluded from extensive use for 
these purposes because its drying properties are insufficient, 
it is, however, highly valued for the preparation of Turkey 
red oil, of soaps, lubricants, and recently of an indiarubber 
substitute. There can be no doubt that candle-nut oil, and 
especially wood oil, would become of great importance if 
they could be produced in quantity and at a price not 
far removed from that of linseed oil. Under present con- 
ditions linseed oil is all important, thanks to its good pro- 
perties and low price. 

38 
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Candle-nut Oil. 

BanTculbl, Lichtnussdl^ LackbaumoL 
Huile de noix Bancoul, huile de BancouL 

The source of this oil is the candle-nut from Aleurites 
triloba and A. moluccanay which could be placed on the 
market in very large quantities from Guadeloupe, Martinique, 
New Caledonia, Tahiti, and Eeunion, but which is not yet 
to be obtained regularly. Not only the cheapness of the 
raw material, but the good qualities of its oil, recommend its 
introduction to oil works. 

According to Wiesner, the seeds contain 50 to 60 per 
cent, of oiL The French Marine Ministry states that 100 
kilos, of nuts produce, on an average, 33 kilos, of kernels, 
100 kilos, of which give 66 kilos, of oil. Thus 450 kilos, of 
nuts would be required to produce 100 litres (91 kilos.) 
of oil. In Tahiti the nuts cost 150 francs per ton of 1000 
kilos., freight amounts to 80 francs per ton. The kernels 
are sold at 400 francs per ton; thus, since 100 kilos, of 
kernels produce 66 kilos, of oil, 100 kilos, of the latter 
would cost 60 francs, without reckoning the cost of pressing. 
The price offers no advantage in consideration of the low 
cost of linseed oil. 

Properties of candle-nut oil. — The cold-pressed oil is pale 
yellow, almost white ; the hot-pressed oil is brown. The 
latter has a nauseous, the former an agreeable, odour. It 
dries in the same time as linseed oil, and by similar treat- 
ment may be so altered in drying properties that it may be 
used as boiled oil of fairly considerable drying power. It 
burns well ; excellent results have been obtained in this 
respect by various establishments in Paris. 

To the writer's knowledge, analytical examinations of this 
oil have not yet been made ; the writer's own researches 



40 DRYING OILS 

have been restricted to the applicabihty of the oil for var- 
nishes and paints. Small quantities of the brown oil were 
boiled with litharge, red lead, lead acetate, and manganese 
borate. The oils boiled with lead compounds were all very 
dark in colour; at 140° C. the oil effervesced; it was main- 
tained at this temperature for a short time only, which was 
necessary owing to the small quantity of oil treated. The 
smell of the boiled oil was quite similar to that of the raw- 
oil, but slightly more unpleasant. The oil boiled with 
manganese borate was almost unaltered in colour. In the 
drying tests, as compared with well boiled linseed oil, there 
was a considerable difference : the boiled candle-nut oils 
dried at least 4 hours before the boiled linseed oil, the raw 
oil also dried more quickly than raw linseed oil. At 325° C. 
it evolved vapours of very strong, unpleasant smell, which did 
not take fire. After a loss of 20 per cent, of volatilised 
fatty acids there resulted a thick, soft mass, as with linseed 
oil, but the colour was almost black, which was due to the 
presence of a large quantity of mechanically admixed im- 
purity. The same experiments were performed with the 
white oil. Almost all the oils boiled with lead com- 
pounds were strongly coloured, whilst the oil boiled with 
manganese borate was only somewhat yellow. In the 
drying tests the same advantages over linseed oil were 
found, the candle-nut oils dried several hours earlier. On 
the other hand, when the pale candle-nut oil was heated to 
325° C. the peculiar result was observed that, after a loss 
of about 20 per cent, of volatile fatty acids, the oil 
became completely colourless, forming a thick water- white 
syrup. 

In regard to the durability of paints made from coloured 
earths or metallic oxides and this oil, the same results were 
obtained as with boiled linseed oil. Since, however, candle- 
nut oil is always dearer than linseed oil, and rarely comes 
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into the market, there appears to be iio prospect of its 
general employment. 

Technical uses, — Like linseed oil, for varnishes and paints ; 
as a burning oil. 

De Negri has recently examined candle-nut oil from the 
seeds of A, moluccana ; he obtained by extraction 6 2 per 
cent, of oil. It dried well, but not as well as Chinese wood 
oil from the allied plant A, cordata. The following constants 
were obtained : — 











Oil extracted with 




Ether. 


Petroleum 
Spirit. 


Si>ecific gravity at 15° C. . 

Solidifying point 

Melting point of fatty acids 

Solidifying 

Saponification value . 

Iodine value 

Iodine value of fatty acids 

Refractometer (Zeiss). 








0-926 

-18°C. 

20°-21° C. 

13° C. 

187-4 

139-3 

144-1 

... 


0-921 
Still fluid 

• • • 

184-0 

136-3 

142-7 

75-5-76 



The colour reactions obtained by De Negri were little 
characteristic. The constants found for wood oil are not 
different from those of candle-nut oil and from those of a 
candle-nut oil examined by Lach, which most probably was 
a mixture of oils from several varieties of Aleurites. When 
exposed to sunlight for 25 days in a sealed glass tube 
the oils remained fluid, whilst expressed wood oil solidi- 
fied under the same conditions. De Negri observes that 
wood oil extracted by solvents does not solidify under the 
action of sunlight, but only the expressed oil. The poly- 
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merised substance from the latter oil melts at 32° C. ; the 
iodine value has fallen from 159 to 154; when heated for 
100 hours in the dark at 100° C. it does not change, but on 
cooling remains liquid. Candle-nut oil extracted by carbon 
bisulphide always remains fluid, whilst wood oil extracted 
by the same solvent solidifies. 

Cedar-nut Oil. 

CedermuisbL 

According to Kryloff, a good drying oil is obtained in 
Siberia from the fruits of the cedar, or rather from the 
kernels of the seeds, and is already made on the large scale. 
The following are the constants of the oil : — 



Specific gravity at 0° C. 


0-9320 


\ 


Solidifying point . 


. 20" C. (1) 




Iodine value 


. U9-5-150-5 




Keichert-Meissl value . 


2-0 


1 


Hehner value 


. 93-33 




Saponification value 


. 191-8 




Acid value . . . 


1-09 





From the mixture of insoluble fatty acids pure palmitic 
acid could be separated by crystallisation. From the filtrate 
from this acid there were obtained by oxidation an acid of 
the same formula as tetrahydroxystearic acid (melting 
point, 165"^ C.) and a trihydroxystearic acid (melting point, 
140° C). Thus this oil differs little from linseed, hemp- 
seed, and similar oils ; it belongs to the class of the good 
drying oils. 
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Hempseed Oil. 

Hanfbl. 

Huile de chanvre, huile de chdnevis. 

The fruit of the hemp plant, Cannabis sativa, from which 

the oil is obtained, is a nut ; it comes into commerce freed 

from the capsule, which surrounds it like a sheath and is 

fissured at the anterior end. The fruit is oval, 3 to 4 mm. 

long, 2 mm. wide, somewhat compressed on the dorsal side, 

unilocular, bivalved, does not split open, and contains one 

seed. The capsule is thin and hard, externally greenish or 

greyish brown, marked like a net, smooth ; it consists of two 

layers readily separable from one another, of which the outer 

is pale green and the inner brownish green. The seed has 

the same form as the fruit, which it completely fills, is 

adherent, and covered by a thin green skin. The embryo 

is white, it consists of parenchymatous cells, which contain 

oil and aleurone granules ; it is bent into the shape of 

a hook, the radicle being bent round towards the inside of 

the thick cotyledons, with which it is of equal length. When 

crushed the seeds emit a pecuUar odour ; they have a mild 

oily taste, and contain 30 to 35 per cent, of oiL The yield 

of oil by expression is about 28 per cent., by extraction 30 to 

32 per cent. The seeds have the following composition: — 





German Hempseed, 
per cent. 


Russian Hempseed, 
per cent. 


• 

Organic matter .... 

Ash 

Water 

Oil 

1 


54-30 
3-45 
8-65 

33-60 


54-95 
4-50 
9-13 

31-42 


The organic matter contains proteins 


15-95 


15-00 
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Hemp seed for sowing must be quite ripe, not more than 
one year old, and 90 per cent, should be fertile. The best 
seed is obtained by threshing ; ripples do not yield a product 
of equal value. Seed for sowing is frequently obtained from 
Eussia and its Baltic provinces, where it is better to allow 
it to ripen, since the female plants yield a less fine fibre. 
The Chinese "giant-hemp" is a larger and coarser fibred 
variety, as is also Indian hemp, from which hachisch is 
obtained. 

Properties of hempseed oil. — The recently expressed oil 
is greenish yellow, when extracted by petroleum spirit or 
carbon bisulphide it is brownish yellow, freshly extracted by 
ether it is deep green. The green colour of the oil recently 
expressed or extracted by ether is lost after some time, 
when the oil becomes brownish yellow. The odour and 
taste are the same as of the seed, i.e. mild. 

Specific gravity at 15° C. . 0*9255 (Souchere). 

0-925-0-931 (Allen). 
0-9276 (Fontenelle). 
0-9270 (Chateau). 
Behaviour on cooling : — Thick at - 15° C, solid at - 27*5° C. 
Melting point of the fatty acids 19° C. 
Solidifying „ „ 15° C. (Hubl). 

Saponification value . . 193*1 (Valenta). 
Iodine value . . .143 (Hiibl). 

„ „ of the fatty acids 122-1 25 '2 (Morawski and 

Demski). 
Viscosity at 1 5° C. . . 9-6 (water =1). 

„ 7°-5C. . . 11-6. 

Hempseed oil dissolves in 30 parts of cold alcohol and in. 
every proportion in boiling alcohol. In the cold it separates 
a " stearine," which dissolves in 12 parts of hot alcohol. 
One volume of the oil requires two volumes of ether for 
solution. 



>> » >> 
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Composition, — The elementary composition of the oil is 

Carbon . . . . . 76*05 per cent. 
Hydrogen . . . . . 11'35 „ 
Oxygen ..... 12*60 „ 



100 00 



The Uquid fatty acids consist principally of linolic acid, with 
small quantities of linolenic, isolinolenic, and oleic acids. 

The oil dries less rapidly than linseed oil. 

Colour reactions. — When boiled with caustic soda solution 
(specific gravity, 1*340) it gives a brownish-yellow hard soap ; 
linseed oil gives a yellow liquid soap. Sulphuric acid colours 
hempseed oil, as also linseed oil, an intense green. A 
mixture of equal parts of water, strong sulphuric acid, and 
fuming nitric acid gives, when mixed with five times the 
quantity of oil, a green coloration, at once changing to 
black, and after 24 hours to a reddish brown. Strong hydro- 
chloric acid colours fresh oil grass-green, older oil yellowish 
green. 

Applications of Hempseed oil. — 

Alimentary : the freshly expressed oil is used like olive 
oil and other oils and fats. 

Technical : as a burning oil, in soap making, for varnishes 
and paints. 

Wood Oil. 

Chinese Wood Oily Tung Oil. 

Chinesisches Holz'ol, Oeljirnissbaum'dl, Tungol. 

Huile de hois. 

Chinese (or Japanese) wood oil is obtained from the seeds 
of Mceococca or Alturites cordata, which is a native of China 
and Japan. It is extracted by hot and cold pressing. 

The older statements as to the nature of this oil, which is 
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endowed with very great drying capacity, are as follows : — 
The cold pressed oil is pale yellow, the warm pressed oil dark 
brown ; it is a thick oil of high specific gravity, it does not 
solidify in the cold. The oil, which possesses still greater 
drying power than candle-nut oil (from Aleurites triloba), is 
used in China and Japan as a natural varnish, especially for 
varnishing and preserving wood-work, Chinese ships, etc. 
The oil is not to be confounded with the balsam wood oil, 
gurgun balsam, obtained from Dipierocarpus turbinaius, which 
possesses quite other properties ; gurgun balsam is, however, 
adulterated with wood oil. The examination of the oil by 
Cloez shows that it consists of two glycerides, ordinary olein, 
and the glyceride of elaeomargaric acid, from the latter of 
which, after saponification, elaeomargaric or margarolic acid, 
CigHgoOs, is obtained. This statement was inherently im- 
probable because of the constitution of the acid, as also, con- 
sidering the great drying properties of the oil, the statement 
that the oil changes in the air to a fat melting not below 
32° C. In regard to rapidity of drying, it surpasses linseed 
oil ; the hot pressed oil does not appear to dry so rapidly as 
the cold pressed. It is rapidly saponified on heating with 
alcoholic potash ; and having regard to the amount of potash 
required for saponification (21*1 per cent.), it would appear to 
contain a hitherto unknown fatty acid. The yearly export 
from Hankow, a town on the Yangtse-Kiang in the interior 
of China, is about 200,000 piculs (1 picul = 122*3 lbs. = 
6 0*4 7 9 kilos.) to other parts of China. 

Moritz Kitt investigated Chinese wood oil. The samples 
were obtained (1) direct from China, (2) from the firm of 
Carlowitz in Hamburg. Sample (1), marked " Yutshing," was 
pale yellow ; the following constants were observed : — 

Specific gravity at 15° C. . . 0-9413 

Saponification value . . . 190*7, 191*0 
Iodine value 157*5, 158*4 
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Acid value 3 '9 

Melting point, of fatty acids . . 35-39" '5 C. 

Saponification value of fatty acids . 197 3, 197*8 

Yield of insoluble fatty acids . . 82 per cent. 

The fatty acids formed a yellowish-brown crystalline mass. 
By the action of bromine upon the fatty acids, dissolved in 
glacial acetic acid and cooled by ice, liquid bromine addition 
compounds were principally formed ; in small quantity a solid 
bromide was obtained, which, after repeated recrystallisation 
from alcohol, formed fine needles melting at 129° to 130° C. 
In the oxidation of the fatty acids in alkaline solution by 
potassium permanganate they remained partly imaltered, 
trihydroxystearic acid was formed in small quantities, and 
also acids soluble in water similar to linusic acid ; lower 
fatty acids, acetic and carbonic acids were also produced. 

The oil (2) was somewhat darker in colour and more 
viscous. The following values were obtained : — 



Specific gravity at 15" C. 
Saponification value 
Iodine value .... 
Acid value . . . 
Melting point of the fatty acids 
Saponification value „ „ 
Iodine value „ „ 

Yield of insoluble „ „ 



0-9439 
190-9, 191-4 
154-6 

6-95 
35** -5-40" C. 
196-4 
169-5 
85 per cent. 



'a portion of the oil (2), which had solidified by exposure to 
light, had the 

Saponification value . . . 19 10, 191-8 
Iodine value 155*2, 156*1 

practically the same as the original oil. A larger quantity of- 
the oil (2) was heated in a porcelain dish and stirred with a 
thermometer. At 282° C. it solidified. The gelatinous mass 
was only partially soluble in benzene; it was completely 
saponifiable by alcoholic potash. The fatty acids separated 
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from the soap solution were dark brownish yellow with a 
greenish fluorescence, and were viscous. After several days 
they solidified to a crystalline mass melting at 41° to 46° C. 
They had the following properties : — 



Saponification value (AlkaU Blue as indicator) . 


198-8 


Acid value . 


191-0 


Iodine value ....... 


107-6, 108-4 


Acetyl acid value ...... 


186-9, 187-6 


Acetyl saponification value .... 


204-1, 206-4 


Acetyl value ....... 


18-0 



The change into the solid state is due rather to polymerisa- 
tion than to a sudden absorption of oxygen. The low ether 
value of the fatty acids (7*8) indicates the presence of 
anhydrides of lactonic character. On the other hand, the 
acetyl value (18) indicates only a small quantity of hydroxy- 
fatty acids. If the oil be heated on a sand bath for about 
2 hours at 150° to 180° C, whilst a current of air is led in, 
a viscous oxidised oil is obtained, which contains hydroxy- 
fatty acids in larger quantity. The fatty acids separated 
from such oxidised oil melted at 39° to 45° C, and had the 
following properties : — 



Saponification value . 
Acetyl acid value 
Acetyl saponification value 
Acetyl value 



199-5 

173-5 

214-6 

41-1 



According to De Negri and Sburlati, the seeds from 
which wood oil is obtained contain 53*25 per cent, of oil, of 
which about 42 per cent, can be obtained by pressing. The 
oil is clear, somewhat yellow in colour, and of peculiar smell, 
resembling that of castor oil. It is without taste, and dries 
in 24 hours in the air. It is soluble in ether,. petroleum 
spirit, and chloroform, and insoluble in cold absolute alcohol. 
By solution in carbon bisulphide and evaporation of the 
solvent the oil is changed into a crystalline mass. 
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According to older statements, wood oil has the following 
constants : — 



Specific gravity at 15** C. 



>> 



>> 



>> 



Melting point of the fatty 
acids .... 

SoUdifying point of the 
fatty acids . 

Saponification value 

Iodine value . 



0*940 (Da vies and Holmes). 
0-936-0-941 (De ISTegri and 

Sburlati). 

43''-8 C. (De Negri and Sburlati). 



>> 
>> 






3r-2 c. 
155''-6^170'' 
211 (Davies and Holmes). 

159-161 (De Negri and Sburlati). 



The amount of free acid found in a sample examined by De 
Negii and Sburlati was 1*18 per cent., calculated as oleic acid. 
Very recently Jenkins has made the following communi- 
cation concerning Japanese wood oil : — 



• 


Specific gravity at 12" C. 


0-9385 




Point of solidification . . . . 


helots 17' C. 




Iodine value ...... 


165-7 




Saponification value . . . . 


194 




Hehner value ...... 


96-4 




Unsaponifiable matter 


0-54 per cent 




Temperature rise in Maumene's test 


372 




Melting point of the fatty acids 


37' C. 




Solidifying point „ „ 


34' C. 




Iodine value of „ „ 


150-1 




Viscosity in Redwood's apparatus at 12*5*' C 


). 41 



If 5 grms. of oil are mixed with 2 c.c. of carbon bisulphide 
and 2 c.c. of sulphur chloride and the mixture stirred in the 
cold, a thick lumpy jelly is formed. At the boiling point of 
water a skin begins to form on the surface of the oil in 1 5 
minutes, in 2 hours it completely covers the oil ; after 4 
hours' heating the increase in weight is 1*44 per cent. In 
the elaidin test a dark brownish-red mass is formed, consist- 
ing of a heavy, almost solid, portion and an oily residue ; 
4 
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when stirred up the whole is very viscous. With Becchi's 
reagent a deep reddish -brown mass is produced ; strong 
sulphuric acid converts the oil into a solid black mass ; nitric 
acid of 1*4 specific gravity forms with the oil a soft mass 
which, on standing, becomes darker and harder. When 5 c.c. 
of a saturated solution of iodine in chloroform are added, 
whilst stirring, to a solution of 1 grm. of oil in 5 c.c. of 
chloroform, the mixture solidifies in 2 minutes to a stiff 
jelly ; when 2 grms. of oil are used, the mass is so hard 
that it can be powdered. When heated in the absence of air 
to 180° C, small quantities of vapour are given off, but the 
oil does not become more viscous; above 250'' C, the oil 
changes to a solid clear elastic mass, which is insoluble in the 
ordinary oil solvents, and does not again melt at the temper- 
ature of its formation. 

In regard to the drying of the oil, the following observa- 
tions have been made : — If a very thin layer is spread upon 
glass it dHes in a closed space in about 24 hours, with 
a whitish appearance, so that the combination of oil and 
glass is no longer transparent but resembles ground glass. 
In thicker layers it requires several days to dry off. If the 
coating is exposed to the light, even thick layers dry in a few 
hours ; the oil which has been heated alone, without additions, 
shows on drying the same whitish appearance, whilst oil 
which has been heated with litharge dries clear and bright, as 
boiled linseed oil does under any conditions. The oil shows 
the greatest peculiarity after drying ; whilst raw and boiled 
linseed oil and the other drying oils form a slight skin which 
gradually thickens from below, wood oil dries uniformly 
throughout, so that the lower layers are as dry as the upper. 
Even quite thick layers may be removed as a soft but still 
somewhat brittle coating, which is uniform throughout. The 
slight adhesion of the dried coating to the smooth surface of 
the glass is remarkable. 
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Tucker also examined wood oil. He found 



Specific gravity . 

Saponification value 

Iodine value 

Melting point of the fatty acids 

Solidifying „ 



0-937 
197 
163 

43-84° C. 

31-4° C. 



The oil mixes with chloroform, ether, petroleum spirit, and 
fatty oils in every proportion, but not with alcohol. The 
formation of a jelly, already observed by others, on mixing 5 
grms. of wood oil with 2 c.c. of carbon bisulphide and 2 c.c. 
of sulphur chloride, does not occur when the oil has been mixed 
with the oil of Dipterocarpus turbinatus, a common adulteration. 
Ferdinand Jean remarks concerning wood oil : This oil is 
obtained by pressing\ the seeds of Mceococca vernicia, a tree 
belonging to the family of the Euphorbiaceae, which grows in 
China and Cochin China. The oil should not be confounded 
with the wood oils of Cochin China obtained by puncturing 
the trees of the family of the Dipterocarpese. The constants 
of the oil are as follows: — Specific gravity at 15° C, 0*940 
(the density of the three oils generally designated wood oil, 
white, light, and black, varies between 0*960 and 0*966); re- 
fractometer, 1°*80 ; point of ignition, 260''C. ; acidity calcu- 
lated as sulphuric acid, 0*784 per cent. Sulphuric acid pro- 
duces a black coloration. The elseococca oil is golden yellow 
and clear; at 18° C. it becomes considerably thicker, without 
losing its transparency. When heated for some time at 200° 
C. it becomes suddenly solid, and forms a transparent jelly 
which does not adhere to the finger ; this property depends 
on the absorption of a very large quantity of oxygen. It has 
extraordinary drying powers. Under the influence of light it 
solidifies without air being necessary. Upon a smooth 
metallic surface it produces a transparent varnish in a short 
time. It is completely saponifiable, and contains 72 per cent, 
of fatty acids, which melt at 44° C. 
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The writer's own experiences with Chinese wood oil- now 
follow. Wood oil has recently become an article of com- 
merce. Two varieties, Canton and Hankow oil, are offered by 
the Hamburg importers, according to the arrivals. Although the 
price is still high, on account of its peculiar and signal property 
of drying throughout in a short time under the influence of air 
and light, it has already obtained an entrance into the manu- 
facture of varnishes and paints. There is no doubt that when 
thorough research has been made a number of applications 
will be found for it. Thus Chinese wood oil is used for 
oiling floors on account of its hardness, also in the manu- 
facture of waterproof materials it has been made into a 
substance similar to oilcloth and distinguished by great 
elasticity. 

The samples of wood oil used in the author's experiments 

were partly Hankow and partly Canton oil. The two 

varieties were tolerably similar in consistence and colour ; 

they had the same peculiar odour, recalling dripping, by 

others thought to smell like bugs. Some samples were 

turbid, others quite clear and transparent. In most cases 

the turbidity disappeared on heating, and both varieties of 

oil — Hankow and Canton, turbid or bright — dried with a 

whitish appearance not shown by the heated oil. The 

formation of this translucent whitish layer on drying is 

probably due to the presence of mucilage and albumin. 

Thus the raw oil cannot well be employed if it is to be used 

in the same manner as linseed oil ; it must be heated with 

several per cent, of lead oxide (litharge or red lead), for 

without this addition it gives a non-transparent layer. The 

same inconvenience would not be caused if the oil were used 

in paints, but it is necessary to heat it in order to obtain 

increased drying power. When the oil is heated alone, or 

with lead or manganese compounds, it is necessary to keep 

the temperature carefully below 200° C, otherwise — especially 
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with manganese compounds (manganous borate) — thickening 
occm-s, and in a very short time complete gelatinisation, 
which makes the product incapable of further use. The oil 
should thus only be heated to 160° or 180° C. as a 
maximum. The pan should then be withdrawn from the fire, 
or the fire extinguished and the driers then added; this 
treatment is sufficient to give to the oil the desired drying 
power and to remove the above-mentioned drawback. Pig- 
ments ground with oil treated in this manner produce paints 
of excellent properties, which in a short time dry hard 
throughout, and not as the paints made with linseed oil — 
dry only on the surface, but in the lower portions of the 
layer still soft after a long time. Paints which di^ hard are 
in demand, and the higher price is unimportant in their case. 
This same important property makes wool oil also 
suitable for the manufacture of oil varnishes ; it cannot, 
however, replace the oils used in spirit varnishes, because it 
is absolutely insoluble in alcohol. In using this oil for oil 
varnishes, it is of the first importance to consider that at a 
temperature of about 200° C, when heated with lead or 
manganese oxides, it thickens considerably and even gela- 
tinises. Thus that method of manufacture must be used in 
which the completely melted and cooled copal is dissolved in 
the hot oil at a temperature below 160° C. Then the 
varnish can be boiled with dryers without fear of gelatinisa- 
tion. The combination of wood oil with linseed oil gives 
very good results, and especially in the case of varnishes for 
outside use ; the former oil imparts hardness, the latter 
elasticity. The smell of Chinese wood oil is very peculiar ; 
it is retained by dried coatings so persistently that even 
material similar to oilcloth, which has been dried in hot air, 
retains the odour even for months, just as oilcloth always 
smells of linseed oil even after the lapse of years. Naturally, 
this peculiar dripping - like smell is perceptible with the 
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varnishes made from this oil, and it appears necessary to 
remove it entirely or to reduce it very considerably. It is 
hardly sufficient to hide the smell by an essential oil, because 
when this has evaporated the smell again appears. Other 
means must be found ; such are — shaking with a dilute 
solution of potassium permanganate, with a filtered solution 
of bleaching powder, filtering over bone black, mixing with 
potato starch and filtering after long standing. It is said to 
be possible, by the process of Bang and Kuffin, to obtain 
tolerable freedom from smell by the action of dry air. The 
oil is warmed in a suitable pan to 50° C, which temperature 
must not be exceeded ; a current of air is then introduced by 
means of a fan or blowing machine, and continued at least 
6 to 8 hours, after this period the oil is considerably 
improved in odour and can be used without hesitation for 
varnishes. 

It should not be omitted to state that wood oil should 
not be regarded as a substitute for linseed oil, but as a special 
drying oil from which can be made varnishes, oils, and paints 
with the special property of drying rapidly and completely 
throughout. On this account it ought not to be necessary 
to lay great stress on making the oil free from smell ; the 
characteristic smell should rather serve as a peculiarity of 
the substance, especially as it is not unpleasant. 

The Consular Eeports of the United States contain the 
following information concerning Chinese wood oil. "The 
Chinese oil tree, Aleuriies cor data, belongs to a family very 
common in China, to which the name ' tung ' is given. The 
oil tree itself is called * ying-tzu-tung,' so called after the 
shape of its fruits, * ying ' meaning bottle. It grows to a 
height of 10 to 15 feet in stony ground, and chiefly 
in Hunan, Hufeh, and Szeihuen. The fruits, which are 
gathered in August and September, contain five to seven 
large and poisonous seeds, from which the oil is expressed. 
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Hankow is the principal place of export, from which, in 
1895, 290,631, and in the first 9 months of 189G, 
188,556 piculs of oil were exported. The oil is obtained 
in a similar manner to earth-nut oil. The nuts are 
collected, dried and placed^in an ordinary Chinese reis-kwo 
(a shallow iron vessel 2 feet in diameter), which is put over 
an open fire. They are then ground to powder by stones and 
pressed in wooden presses, when the oil flows out ; generally 
it becomes bright only after some time. It is principally 
used for varnishing boats — every Chinese boat receives one 
or two coats — in the preparation of varaishes and waterproof 
materials, for medical purposes, and in western China as 
a burning oil. Mixed with lime, it forms a good cement 
for earthenware. The mass from which the oil has been 
extracted is burnt ; it produces a valuable soot, from 
which Indian ink is made. At the place of production the 
oil costs about 2*5 taels (dollars) per picul, but in Hankow 
already double as much. In the fresh state it is said to be 
extremely poisonous. It appears to be largely adulterated 
in China with cheaper oils, especially cottonseed oil." 

A careful examination of all the researches here quoted 
shows that the statements regarding the properties of Chinese 
wood oil agree only in that the oil dries well and that it 
gelatinises at a certain temperature. The cause of the 
difference in the analyses and estimation of the constants 
lies, in the first place, in the great difference in the oils 
themselves, which are not produced from the same material 
worked in the same way, and in the manner of the investi- 
gation. The time is within sight when the properties of 
wood oil will be definitely known. 

Eosenblum and Rideal obtained from wood oil substances 
which they call " tungates." Wood oil is saponified by 
potash, soda, or ammonia ; by double decomposition of the 
alkaline soaps with solutions of metallic salts, metallic soaps 
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are obtained, which can be used as driers. These metallic 
soaps are readily soluble in linseed oil; much smaller 
quantities produce the same effect as resinates and linoleates. 
If ozone be blown through oil containing 0*7 per cent, of 
"tungates" at 130** F., a viscous and colourless oil, whicla 
dries very well, is obtained. The metallic salts are also 
soluble in turpentine. 

Substance resembling indiarubber from Chinese wood oil, — 
This substance, which possesses considerable hardness, good 
face, resistance to changes of temperature, the action of 
chemicals and weak acids, and which is said to be used in 
the manufacture of varnishes, consists principally of wood oil, 
manganese borate, and Caucasian pyrolusite, which contains 
a large percentage of manganese and a small percentage of 
oxygen. The oil is mixed, at about 150° C, with 0*5 to 2 
per cent, of manganese borate and 1 to 3 per cent, of 
Caucasian pyrolusite, both in powder; it is then heated to 
200° C, with continual stirring, and maintained at this 
temperature for 1 to IJ hours, until complete oxidation 
occurs, i.e. until the mass has solidified to a rubber-like 
substance. The proportion of pyrolusite and manganese 
borate is chosen according to the drying capacity required, 
which can thus be easily regulated. 

PUMPKINSEED OiL. 

KilrbiskernoL 

Huile de pepins de citronelle. 

The material from which the oil is obtained is the seed of 
Oucurbita jpepo, L. The oil is much used in Austria-Hungary 
as an edible oil ; among the edible oils it stands next to 
olive oil in price. Since the constants of this oil are not yet 
widely known a number of pure oils were examined, some 
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of which were expressed from the seeds and some obtained 
from commercial sources. The oils obtained by cold and hot 
pressm-e gave almost the same values. The following are 
the extreme figures : — 

Specific gravity 0-923-0-925 

Iodine value (Hubl) .... 122-8-130-7 

Saponification value .... 188*4-1 90*2 

Refractometer at 35° C. . . . 70-0- 72*5 
Melting point of the fatty acids — 

Commencement .... 26*5- 28*5 

End 28-4- 29*8 

The following oils might be used as adulterants — lin- 
seed, sesame, cottonseed, and rape. In a commercial oil 
which possessed the under-mentioned constants Voda, to 
whom this examination is due, ascertained the presence of 
about 36 per cent, of cottonseed oil and 64 per cent, of 
pumpkinseed oil. 



Adulterated Sample, 

Specific gravity at 15" C. . 

Iodine value 

Saponification value . 

Melting point of the fatty acids 

Refractometer at 35** C. 

Becchi's reagent gave a positive result. 



0-92527 
119-6 
190-2 

30" -5 C. 

69-2 
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Linseed Oil. 

Leinbl, LeinsamenbL 
Huile de tin. 



The raw material from which linseed oil is obtained is 
linseed, the seed of Linum usitatissim^imy the flax plant, which 
is cultivated principally on account of its fibre, but in some 
countries only for its oleaginous seeds. 
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The chief Hax-growing countries, the Baltic provinces of 
Russia, India, Egypt, North America, and recently also South 
America (Brazil), also produce the largest quantities of com- 
mercial linseed. Conmiercial linseed is intended either for 
sowing or for the extraction of oil. The species of seed used for 
sowing is heavy, ripe, fresh, and still capahle of germination ; 
for pressing, the smaller seeds are used, which may be brought 
from the fields whilst still unripe, or have lost their power 
of growth in consequence of long or careless storage. Unripe 
linseed is chiefly used for crushing, it is obtained as a by- 
product of the flax manufacture. The flax only produces a 
satisfactory fibre when it is harvested before the seeds are 
ripe. The seeds which are then obtained are quite suitable 
for crushing, but not for sowing. For technical purposes, 
seed for crushing alone comes into consideration, since fresh 
seed for sowing is only produced in small quantity, and in 
those regions where linseed oil is used as a food or in the 
preparation of foods. 

Each fruit of the flax plant contains ten seeds. The 
seeds attain a length of 3*5 to 5 mm., are much flattened, 
oval in outline, with a smooth surface and greenish-brown 
to brown colour, of a slight but unpleasant smell. At the 
small end is the hilum. Under the microscope the surface 
does not appear smooth, but covered with delicate indenta- 
tions. The average weight of a single seed is 0*3 to 0*5 
mgrms. The seeds suitable for sowing are about 5 mm. 
long, and over 0*4 mgrms. in weight. Good linseed, which 
has become incapable of germination, is of the same size and 
weight, and such seed is to be j)referred for crushing before 
unripe seed, which is smaller, lighter in weight, and generally 
very greenish in colour. The anatomical examination under 
the microscope affords a means of distinguishing ripe from 
unripe seeds. In the seeds three parts can be clearly dis- 
tinguished — the husk, the embryo, and albumin. The albumin 
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adheres closely to the husk. In the interior of the seed lies 
the greenish-yellow embryo, with the radicle about 1 mm. 
long surrounded by the wliitish albumin. The hard and 
brittle husk is made up of five layers. The external layer 
is a skin composed of colourless cells, the outer layers of 
which swell up considerably in water. Next follows a layer 
of cells consisting of soft elements, in which is enclosed a 
layer of tissue formed from long sclerenchymatous cells, 
which latter give the husk its hardness and density. The 
next following fourth layer of tissue has great similarity with 
that lying beneath the epidermis, it also is composed of soft 
cells joined together. The fifth and innermost layer consists 
of grouped polygonal cells flattened parallel to the surface 
of the husk, which contain a brown granular substance. This 
layer gives the husk of the linseed its peculiar brown colour. 
In grinding, the tissues of the husk, down to the sclerenchyma 
cells and the elements of the innermost skin, are destroyed. 
Portions of the third and fifth layers are generally to be 
found whole in linseed meal ; they can always be used to 
recognise this meal as such or when pressed, and also when 
the meal is used as an adulterant of other meals. The 
albumin consists of soft polyhedral cells, which contain drops 
of fat and aleurone grains when the seed is ripe ; in the 
unripe state they also contain starch in small granules. The 
diameter of the cells is 0*009 to 0*013 mm. 

The tissues of the embryo are made up principally of 
cells, which in form, size, and contents agree with those of 
the albumin. Among these cells lie the elongated and com- 
pressed rudimentary organs. The fresh seeds, when some 
time immersed in water, become coated with a transparent 
jelly, which dissolves in the water when the immersion is 
of long duration. 

The seeds contain about 33 per cent, of oil, of which 
approximately 2 6 per cent, is technically extracted. Accord- 
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ing to Chevallier and Lassaigne, linseed contains the following 
amounts of oil, according to the country of growth : — 

Flanders ....... 39 per cent 

Kussia ....... 35 

Nantes (Picardy) ..... 33 

Brittany, Strassburg, La Roclielle, Rochefort 31 

Hamburg ....... 30 

St. Petersburg . . . . . . 29 

The seeds also contain about 8 per cent, of water, 25 per 
cent, of albumins, and 4 to 5 per cent, of mineral substances. 

In regard to linseed for sowing, the seed from northern 
countries has the reputation of producing good fibre, that 
from southern countries a better fruit. Thus the Baltic 
province of Russia and East Prussia are renowned as pro- 
ducers of seed for crushing ; Riga, Windau, Pernau, Libau, 
Memel, and Konigsberg supply not only Germany, Belgium, 
and Southern Europe, but also North and South America 
and Australia; the Riga seed is accounted the best. The 
Tyrol, Saxony, Bavaria, Holstein, Mecklenburg, and Hungary, 
however, produce equally good seed ; Egypt, North America, 
and India produce large quantities. The important characters 
of linseed are its source, fertility, and freedom from the seeds 
of weeds. The origin of linseed cannot well be ascertained, 
except from the markings on the seamless bags or on the 
barrels in which Russian seed (for sowing) is generally packed. 
Seed for oil mills is usually exported in sacks. 

The impurities of linseed consist, besides sand and earth, 
principally of the seeds of Camelina dentata. Polygonum 
lapatlisfolium, Lollum armnse, and Sjpergula arvensis. The 
presence of the first of these ("dotter") is regarded by buyers 
as a sign of genuine Riga seed. Good linseed (for sowing) 
should not contain more than 1 per cent, of foreign con- 
stituents. Thus, for example, if a sample of Russian seed 
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were described as " 7 or 7^ measures," i.e. containing 7 or 
7i parts of genuine linseed in 8 parts of seed (12*5 or 9 
per cent, of impurities), it would be unsuitable. There are 
certain signs by which the fertility of linseed is judged, none 
of them reliable. The belief that seeds which float on water 
are not capable of germination, is as little true as the com- 
plementary belief that sinking in water indicates fertility. 
Another test is to press a handful of the seed between the 
fingers, when the good seeds will quickly slip out ; but the 
good seeds themselves feel somewhat fatty and adhere to the 
hand. The following test is also much used : — A number of 
seeds are thrown on a red-hot metal plate or heated in a 
spoon over a flame ; the seeds which burst are regarded as 
fresh and good, those which remain still as dead. This result 
is due to the larger or smaller quantity of water in the seeds, 
which, under the conditions mentioned, bursts the husk and 
by the recoil throws the seed out. The unreliability of this 
test has been shown experimentally ; such methods of deter- 
mining the fertility of seed have been replaced by a systematic 
test of fertility, carried out with a certain number of seeds 
chosen at random ; in this manner alone can a reliable estimate 
be made. Good seed must have a fertility of 90 to 99 per 
cent. ; in spite of the oil content, the seed retains its fertility 
longer than many other seeds. Seed two years old, which 
has been properly stored, may be used without hesitation, 
and is to be preferred to fresh seed of a lower quality. 

The chemical composition of linseed is, according to 
Lousserpoult — 



Oil 

Organic matter, free from nitrogen . 
y „ containing nitrogen 
Cellulose . . . .v . 
Phosphates and other salts 
Water 



39 per 


cent 


19 




20-5 




3-2 




6 




12-3 
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The ash of linseed contains (Lichtenweiss) 



Potash . 








25*9 per cent 


Soda 








1-3 


Lime 








26 00 „ 


Magnesia 








0-2 


Ferric oxide . 








3-7 


Phosphoric acid 








40-10 „ 


Sulphuric acid 








1-00 „ 


Chlorine 








0-90 „ 


Silica . 


• 






0-90 „ 



Into the Amsterdam linseed market come, in addition to 

native seed, most of which is used locally by small works and 

which always contains but little foreign seed, the difierent 

Eussian, British-Indian, and La Plata varieties of seed. The 

last named is generally tolerably pure, and contains rarely 

more than 5 per cent, of impurities (foreign seeds, dirt, etc.), 

and the foreign seeds are almost exclusively non-oleaginous. 

Almost the same is true of the seed from British India ; the 

impurities rarely exceed 5 per cent. ; they consist principally 

of non-oleaginous seeds. At times Brassica seeds to the 

extent of 1 per cent, are found. From Calcutta comes a 

very poor quality of seed, known as " telqud," which often 

contains 3 per cent, and more of foreign seeds, which are 

frequently oil-bearing. The seed from Southern Kussia (Black 

Sea) contains usually no more or little more impurity than 

the good seed mentioned above ; occasionally bad samples 

occur. The foreign seeds always contain those of the 

Brassica species. The seed from Northern Kussia (Baltic 

seed) is never pure. The amount of impurity varies ; 

5 per cent, is small, 10 to 20 per cent, is common, and 

higher percentages are found. The foreign seeds are to a 

considerable extent oil-bearing, consisting of seeds of the 

Brassica species, but chiefly of the dotter {GaTnelina dentatd). 

North American seed is rare ; it is always tolerably pure. 
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The foreign seeds are seldom oleaginous, and are therefore 
never estimated. 

According to a private communication from a Dutch 
varnish maker, all varieties of linseed do not produce oils 
equally suitable for varnish making. The " hard " oils alone 
are suitable, whilst the " soft " oils are generally unuseable. 
In Holland the following varieties of seed are crushed : — 

Archangel, which produces the " hardest " oil. 

St. Petersburg, Riga, Steppes, Viatka, Samara, Siberia, 
Kbnigsberg, Libau, which also produce "hard" oils, 
when the seed does not contain dotter. 

Friesland, American, Azoff, Odessa, which produce less 
"hard" oils. 

Bombay, Calcutta, which yield " soft " oils. 

At the same time, it should be stated that it is very 
difficult to obtain the pure oils produced by the different 
varieties of seed, since the seed is mixed by the crushers 
before crushing, and also the oils produced are blended. The 
oils are examined by Fischer's hydrometer for oils; linseed 
oils of 29° to 30^ are regarded as very hard, those of 30° to 
31° as good, whilst linseed oil of more than 31° is not to be 
recommended. 

Production of linseed oil. — The seeds are ground to a 
meal and pressed, with or without previous heating, or ex- 
tracted by carbon bisulphide, carbon tetrachloride, petroleum 
fsL spirit, etc. 

\l Properties. — Cold-pressed linseed oil is very pale yellow ; 

hot-pressed oil is more or less yellow or brown ; extracted 
oil is also very pale yellow in colour. In taste linseed oil 
differs from the non-drying oils, it is peculiarly sweetish- 
bitter ; the cold-pressed oil has a pleasant sweet • taste like 
almonds ; the hot-pressed oil has a burning after-taste. The 
odour is also peculiar and characteristic ; with a little practice 
it is readily recognised. 
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15° C. 


0-9347 (Schubler). 


>i 


0-9325 (Souch6re). 


18" C, raw oil . 


0-9299 (Stilurell). 


12*' C. 


0-939 


25'' C. 


0-930 


50° C. 


0-921 


94° C. 


0-881 (Saussure). 


of the fatty acids 




at 100° C. 


0-8599 (Archbutt and 




Allen). 



Solidifying point of the oil : according to Gusserow, the 
oil solidifies after some days at — 1 6° C. ; according to 
Chateau, not below —27'' C. ; it melts at —16° C. to 
— 20° C. (Glussner). 



Melting point of the fatty acids 



» 



>5 



>> 



Solidifying point of the fatty acids 
Saponification value 



a 5' 

Iodine value . 



j> 



j> 



Iodine value of the free fatty acids 



ir-12 G. (Allen). 
17° C. (Htibl). 
13° -3 C. (Hubl). 
189-195 (Allen). 
195-2 (Moore). 

158 (Hubl). 

155-2 (Moore). 

155-2-155-9 (Morawski 
and Demski). 



According to Mulder, the peculiar odour of linseed oil is 
not due alone to volatile fatty acids, butyric, valeric, capronic, 
etc. Linseed oil is soluble in 16 parts of ether and in 40 
parts of alcohol at the ordinary temperature, and in 5 parts 
of boiling alcohol ; with turpentine and petroleum spirit it is 
miscible in every proportion. Linseed oil boils at 230°, at 
380° to 400° C. the malodorous whitish-grey vapour, already 
evolved at 300° C., takes fire spontaneously, and the oil then 
burns with a red flame, producing much smoke. When heated 
for several hours near the temperature at which it takes fire, 
linseed oil becomes a thick syrup ; it then produces no grease 
mark on paper. Fresh linseed oil saponifies readily, with 
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soda it forms a soft yellow soap, from the aqueous solution of 
which hydrochloric acid separates a limpid oil consisting of 
the fatty acids, which on cooling deposits crystals of palmitic 
and stearic acids. In the air it absorbs oxygen, and soon 
becomes rancid and viscous ; in thin layers it dries to a neutral 
substance, insoluble in ether — linoxyn. 

Pieszczek, of Konigsberg, has made the following observa- 
tions concerning a certain sample of linseed oil of poisonous 
action : — " Freshly pressed linseed oil is used in many 
districts, for example, in East Prussia, in the preparation of 
certain foods. From the producers of such an oil in this 
province I received a sample for examination, accompanied by 
the information that the oil ' caused general indisposition and 
dizziness ' immediately after eating ; in short, clear indications 
of poisoning. The material from which the oil was prepared 
was stated to be in 'good condition.' From its external 
properties the oil appeared to be of medium quality ; there 
was nothing unusual in smell, taste, or colour. The specific 
gravity, iodine value, and saponification value lay within the 
permissible limits. A small percentage of oil emanating 
from plants belonging to the crucifereae could be shown by 
means of the silver nitrate test, but this did not explain the 
toxic action. In order to probe the affair to the bottom I 
demanded an average sample of the seed from which the oil 
had been made. The examination of this sample gave a 
surprising result. The seed described as of * good condition ' 
contained 35 per cent, of impurities, which could be sorted 
out. Among the impurities were 1 5 per cent, of the seeds of 
Lolium temulentum (more properly, Z. remotum). Thus there 
is no doubt that the toxic action of the apparently hot- 
pressed oil was due to this impurity, although by many 
Lolium is regarded as non-poisonous. The fact, well known 
to the farmer, that the horse avoids Lolium^ may be equally 
due to the poisonous nature of this plant." 
5 



\ 
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Hurst gives the following directions for testing the suit- 
ability of linseed oil for the practical purposes of boiling and 
paint making: — The specific gravity of the oil at 60° F. is 
first determined, which is best done by the specific gravity 
bottle. The bottle is weighed empty and dry, then filled with 
the oil, which is at '60° F., the formation of air-bubbles 
being avoided, the outside of the bottle is carefully cleaned, 
and it is then weighed. The weight of the oil, which is 
obtained by subtracting the weight of the bottle from the 
total weight, is divided by the weight of water which the 
bottle can contain. The result is the specific gravity, which, 
for pure linseed oil at 60° F.,is 0-932 to 0*935. If it is im- 
possible to work at 60° F., a correction must be applied. The 
number of degrees over or under 60° F. is multiplied by 
0*00035, and the product added to or subtracted from the 
specific gravity obtained. For example, if 0*931 has been 
found at 65° F., the specific gravity is 0*93275 (0*00035 x 
5 = 0*00175). Oils which have a specific gravity below 
0*930 or above 0*937 are to be regarded as unsatisfactory 
without further examination. The flash point of the oil is 
a further test. Linseed oil takes fire about 500° F. ; if it 
contains mineral or rosin oil it takes fire at a lower temper- 
ature. An evaporating dish is placed upon a metal plate on 
a tripod, and protected from draughts. The dish is filled with 
the oil, and a thermometer with a sufficiently long range hung 
in it. The flame of a Bunsen burner is arranged below the 
plate carrying the dish, and both oil and thermometer 
observed. Vapours soon rise from the oil ; the temperature 
is now observed, with a pure oil it should be 300° to 350° F. 
Then a small flame is moved just over the surface of the oil, 
untirthe vapours suddenly take fire with a blue flame. The 
temperature at which this occurs is the flash point ; with 
pure linseed oil it Ues about 500° F., rather above than 
below. If the sample contains mineral oil it flashes at about 
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400*" F.; if it contains rosin oil, at about 320° F. Other 
adulterations are rare. 

Preparation of linolic acid. — In order to obtain linolic 
acid, linseed or poppy oil is completely saponified with 
caustic soda. The soap is treated with hot water and 
caustic soda and purified by salting out repeatedly. It 
is then dissolved in much water and calcium chloride 
added, when the lime salts of the fatty acids are pre- 
cipitated. The precipitate is washed with water, pressed, 
and treated with ether, in which calcium linolate alone dis- 
solves, whilst the lime salts of the other fatty acids remain 
undissolved. The ethereal solution is decomposed with dilute 
hydrochloric acid, when calcium chloride goes over into the 
aqueous solution, the linolic acid remaining dissolved in the 
ether. The solution of linolic acid is separated from the 
watery solution, and the ether distilled off in a current of 
hydrogen at the lowest possible temperature. Dark yellow 
linolic acid remains, which, however, is not yet pure ; it is 
dissolved in alcohol, and precipitated as barium linolate by 
means of ammonia and barium chloride. The barium salt 
is washed, pressed, and dissolved in ether, from which solu- 
tion warty crystals separate. These are repeatedly recrystal- 
lised from ether. From the barium salt linolic acid is obtained 
by shaking with ether and dilute hydrochloric acid, removing 
the ethereal layer and distilling off the solvent in a current 
of hydrogen; the residual acid is dried under the air- 
pump over sulphuric acid and a mixture of lime and 
ferrous sulphate, which absorbs any oxygen present. Not 
quite pure linolic acid is obtained by decomposing lead 
linolate with sulphuretted hydrogen, and extracting with 
ether. 

Linolic acid is a thin, sUghtly yellow oil of specific gravity 
0*9215 at 15° C, strongly refractive, and with a weak acid 
reaction ; the taste is at first mild, but afterwards harsh. It 
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does not solidify at— 18° C, is insoluble in water, but readily- 
soluble in alcohol and ether. On standing in the air, linolic acid 
readily absorbs oxygen (about 2 per cent.), becoming viscous and 
sticky ; it finally changes to a varnish-hke mass. Thin layers 
upon wood dry to a varnish, but on glass become sticky. On 
treatment with hydriodic acid and red phosphorus, hnolic acid 
is converted, by absorption of hydrogen, into stearic acid. It 
is not volatile without decomposition ; on distillation other 
products are formed than from oleic acid. It does not form 
sebacic acid. Nitrous acid turns linolic acid into a thick 
liquid ; crystals of elaidic acid or allied acids are not separ- 
ated. Nitric acid produces a soft resin with considerable 
effervescence. The salts of linolic acid are obtained pure with 
difficulty, since they readily decompose with formation of 
acid salts. They are white and generally non-crystalline : 
on cooling of the hot alcoholic or ethereal solutions they 
separate in flocks ; on spontaneous evaporation of these solu- 
tions a jelly is left. The salts of linolic acid become brown 
in the air, and acquire a pecuhar smell. According to Hazura, 
the liquid fatty acids of linseed and poppyseed oils have the 
following percentage compositions : — 

Linseed Oil. Poppyseed Oil. 
Linolenic acid .... 15 5 

Isolinolenic acid . . . . 65 
Linolic acid .... 5 60 

Oleic acid ..... 15 35 

The linseed oil acids are used in varnish making to give 
elasticity to spirit varnishes, and very recently have been 
recommended as a solvent for copals. They have also been 
proposed as a priming for fresh cement, upon which oil 
paints do not stand, but in a short time soften and run 
off. 
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PoppYSEED Oil. 
Mohnol. 

Huile de jpavot somnlfere, huile d^ceillete, huile de pavot de 
pays. 

This oil is obtained from the seeds of the poppy plant; 
Papaver somniferum, L., indigenous in the Eastern countries 
of the Mediterranean region. Since ancient times the plant 
has been cultivated in many parts of Europe, Asia, and Africa, 
and in more recent times in North America and Australia 
(New South Wales), partly as the material from which 
opium is obtained, and partly for the sake of its oleaginous 
seeds. There are two chief varieties of the poppy, Fapaver 
album, D.C. and Fapaver nigrum, D.C., the former of which 
bears white, the latter bluish-black or grey seeds. The white 
poppy produces the finest oil, and its seeds are those which 
are used for medicinal purposes. The oil is generally obtained 
from the black poppy, the cultivation of which has been found 
to be more profitable. Both varieties contain the same quantity 
of oil, 60 per cent. The smell and taste of poppy seed are 
well known, as also the form, which, accurately considered, is 
a flattened sphere, kidney-shaped in section. The weight of a 
poppy seed, according to Fllickiger, when air dried, is about 
0*5 mgrm. The surface of the seed shows ridges arranged in 
trellis fashion. 

In each seed may be distinguished husk, embryo, and 
albumin (endosperm). The husk is about 0*014 mm. thick ; 
it is enclosed by a skin covered with a thick cuticle, next to 
which comes parenchyma composed of collapsed cells. In 
the white-seeded variety this tissue has colourless contents, 
but in the dark-seeded variety, in the inner layer of the 
tissue are solid contents of brownish colour. The embryo is 
relatively large ; the cotyledons and radicles are of equal length. 
The embryo is curved, it is composed of thin-walled ceUs, 
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partly parenchymatous, partly composed of cambium tissue. 
The former contain oil droi)8 in great quantity, and large 
aleurone grains, which in dimensions, form, and general struc- 
ture agree with the analogous parts of the endosperm. This is 
composed of similar tissue, the cells of which are filled with 
small fat globules and large aleurone grains. In isolated 
aleurone grains is seen a clearer nucleus. 

According to Sacc, white poppy seeds contain 

54*61 per cent, of oil. 
23*26 „ protems. 

about 12*00 „ albumins. 

„ 6*00 „ cellulose. 

The seeds give 2 to 3 per cent, of ash, consisting chiefly of 
calcium phosphate. 

Good poppy seed for sowing must contain kernels averag- 
ing at least 0*5 mgrm. in weight, must be uniform in colour, not 
contain more than 0*2 per cent, of foreign constituents, and 
must be fertile to the extent of 90 per cent. For the produc- 
tion of oil, complete ripeness and freshness are required ; the 
freshness is recognised by the taste, and by an examination of 
the fertility. Direct adulteration with the seeds of wild varieties 
of the poppy cannot be successfully carried out, owing to the 
characteristic form, size, and colour of the garden poppy seed. 

Production of poppyseed oil, — This is accomplished by 
crushing and pressing or extracting. 

The production of poppyseed oil is an important industry 
in Northern France ; the oil is used on the spot to the extent of 
about one-half, the remainder goes to Southern France, where 
it is used in the manufacture of special soaps. In Germany 
it is most largely produced in Baden, Bavaria, and Wiirtem- 
berg. In the manufacture of the oil the poppy heads, as 
soon as they have reached a certain degree of dryness, are 
opened, their contents shaken out on an iron plate, fanned to 
remove portions of the head, and then ground in the miU to a 
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meal, which is filled into a bag of ticking and pressed. The 
oil is caught in jars and casks, and allowed to stand until it 
is conipletely clear, when it is poured off and brought into 
the market. 

In France two varieties of poppyseed oil are distin- 
guished — white poppyseed oil, the food oil {huile blanche) 
froni the finest seed and expressed at the first pressure, and 
the commercial oil, red poppyseed oil (huile rotisse) obtained 
by the second pressing and from seed of poorer quaUty. 

' Properties, — The best poppyseed oil is white, and wfien 
fresh of pleasant taste ; poorer qualities are golden yellow ; 
oil of the second pressure is reddish. 



Specific gravity at 15° C. 


0-924 (Souchke). 


>> 5> » 


0-924-0-937 (Allen). 


>J » » 


0-962 (Clarke). 


„ „ 18" C. 


0-9245 (Stilurell). 


Solidifying point . 


-.18^0.* 


Melting point of the fatty acids 


20°-5 C. 


Solidifying point „ „ 


16''-5C. (Hubl). 


Hehner value 


95-38 (Dietzell and 




TCressner) 


Saponification value 


194-6 (Valenta). 


» >> • • 


192-8 (Moore). 


Iodine value . 


136 (Hubl). 


»»•••• 


134 (Moore). 



Poppyseed oil does not readily become rancid ; it burns 
badly, it smokes less than olive oil and thus produces less 
soot, but it gives a bad light. It is soluble in 28 parts 
of cold and 6 parts of boiling alcohol, mixes with ether in 
every proportion ; it is bleached by exposure to light. It 
possesses none of the action of opium. When subjected to 
dry distillation, poppyseed oil gives, on heating over an open 
flame without boiling, a thick colourless oily distillate, which 
partially solidifies on cooling, has a weak acid reaction, but 
gives up no trace of sebacic acid to water. When nothing 
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more comes over, if the receiver is changed and more heat 
applied, the oil boils and produces much acrolein, together with 
an oily distillate which imparts a strong acid reaction to water ; 
it contains sebacic and acrylic acids. If the distillation is 
finished when about half the oil remains, the retort contains 
on cooling a soft, thick substance, little coloured, with many 
of the properties of the anhydride of linolic acid, but more 
readily melted on heating. 

Applications. — AUmentary : as olive oil and other fatty 
oils. 

' Technical : in the manufacture of soaps, as burning oil, 
and as binding medium in oil painting and the preparation of 
paints. 

Walnut Oil 

I^ussol, 
Huile de noix. 

Walnut oil is obtained from the well-known fruits of the 
walnut tree, Juglans regia, L., which belongs to the order of 
Juglandese ; it grows in Northern Asia, Europe, and America. 
The fruit contains one kernel, surrounded by a tough, 
leathery, fleshy husk, which, in ripening, shrinks and be- 
comes brown. The hard bivalved shell of the kernel en- 
closes a bilobed swollen seed, oily and of pleasant taste. In 
regard to the form of the fruit, the following varieties are 
distinguished — the " horse nut," with a very large fruit of 
poor flavour ; the " Meisennuss," with a very thin shell ; the 
*' Kriebelnuss," with a very hard shell ; the " Schlagelnuss " 
(mallet nut), with an elongated kernel ; the " butter nut," of 
long, round shape. The palatable kernel, when fresh, is 
surrounded by a thin bitter skin, which can be removed, but 
when the fruit is kept this skin loses its bitter taste and 
adheres fast to the kernel. 

Production of walnut oil, — The fruits from which the 
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oil is obtained must be 2 to ' 3 months old ; when fresh 
they contain a whitish sap, which on pressing produces a 
turbid oil, brightening with difficulty. When kept too long 
the seeds produce a bad rancid oil, which also brightens 
slowly. The seeds contain 40 to '50 per cent. of. oil ; they 
are generally cleansed from the yellow seed skin, grouna and 
pressed, first cold, when 30 to 35 p«?r cent.»of oil is obtained, 
then warm, when 10 to 15 per cent is expressed.' The yield 
in hot pressing is about 45 per cent. 

Properties. — The fresh cold-pressed oil is thin, almost 
colourless or pale greenish yellow ; the colour, however, soon 
fades. The odour is pleasant, the flavour nutty; the oil 
readily turns rancid, and then possesses purgative properties. 
The warm-pressed oil is deeper in colour, and has a peculiar 
sharp smell and taste. 



Specific gravity at 10° C. 
„ „ 12° C. 

15° C. 
„ „ 20 C. 



Viscosity at . 15" C. 

. 7° -5 C. 



» j> 



Warm-pressed 


Cold- pressed 


Oil. 


Oil. 


0-9300 


0-9290 


0-9290 


0-9276 


0-9286 


0-9250 


0-9236 


0-9230 


9-7 (water: 


= 1). 


11-8 





The oil is still thin at -15° C, at -17° to -18° C. it 
begins to thicken, forms a transparent mass at — 24° C, and 
solidifies at — 27° to — 28° C. to a white hard fat. It dissolves 
in 100 parts of alcohol, and more readily in hot alcohol; 
on cooling, crystals of fatty acids separate. The oil contains 
the glycerides of linolic, myristic, and lauric acids. 

Saponification value ...... 196-197 

Iodine value, ....... 142-143 

Melting point of the fatty acids .... 20° C. • 

Solidifying point „ >? • • • • 16° C. 

In regard to the iodine value, it should be observed that it 
rapidly falls with increasing oxidation of the oil. 
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Nitric acid gives a yellow coloration ; nitric acid con- 
taining nitrous acid, a reddish yellow ; fuming nitric acicl, a 
dark red. Sulphuric acid of 1*7 specific gravity jiroduces a 
brownish, then brown coloration. A mixture of sulphuric 
and nitric acids give first a brownish yellow, then a brown 
coloration. Zinc chloride is without action. Ammonia and 
caustic potash give yellowish-white emulsions; with caustic 
soda it is saponified just as linseed oiL Adulteration with 
bleached linseed oil is the most common ; it is recognised by 
the soft resinous mass formed in the sulphuric acid test. 
Walnut oil possesses greater drying powers than linseed oil, 
and in drying does not crack. 

Applications. — Alimentary : fresh cold-pressed oil is an 
excellent edible oil. 

Technical : for oil paints and printing inks, in the manu- 
facture of soap, and also, on account of the fine bright 
light, as an illuminating oil. 



Castor Oil. 

Ricinusol. 
Huile de ricin. 

The common castor oil plant, Eicinus communis, L., and 
several closely allied forms, probably varieties of this species, 
but by many authors classified as distinct forms, produce 
seeds from which the oil is obtained in many warmer 
countries, where they principally grow. The habitat of 
B. communis, L., is India ; R. viridis Willd., and R. ruber , 
Eumph., both of which are cultivated in the East Indies 
together with the first-named, also belong to the flora of 
India. In addition, -R. americamis, R. inermis, Jacq., 
R. lividus, Willd., R. africanus, Willd., and probably other 
species also, are cultivated. The castor oil plant is most 
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extensively grown in India, but also in certain West Indian 
islands; in North America, Algeria, and recently in Italy, 
there is a large annual crop of castor oil seeds, from which 
the oil is obtained. The castor oil plant was known as an oil 
producer in ancient Egypt ; in the countries mentioned above, 
the plant began to be cultivated when the seeds were 
employed in the industry as a source of oil. Although the 
quantity of the oil used for medicinal purpose is at present 
considerable, it is unimportant as compared with the enormous 
amount used in the manufacture of soaps, for burning, in the 
preparation of Turkey red oil, as a leather oil, as a lubricant, 
and for other technical purposes. 

The seeds of R. communis attain a length of 12 to 15 mm., 
and a width of 7 to 10 mm. The seeds from tropical 
countries are larger than the European. The seeds are oval, 
somewhat flattened on one side ; on the other the projecting 
suture forms a longitudinal protuberance. The suture divides 
above into two, below it runs to the blackish, almost pen- 
tagonal hilum, which is frequently covered by a light-brown 
caruncle, bending forwards towards the suture. The husk of 
the seed is brown and speckled with grey. The seeds of R. 
americanus (from Martinique) are similar, but their husk 
is almost black, and the specks, which are comparatively few 
in number, are pale grey. The seeds of R. inermis (from 
India) are 12 mm. long, and 9 mm. wide, less flattened, with, 
a scarcely protuberant suture, and a small greenish hilum ; 
the husk is reddish brown, speckled with light brown spots. 
The seeds of R. viridis (from the Congo) are only 9 mm. 
long, and 6 mm. broad ; the suture does not project, and the 
back is not flattened. The hilum is blackish and almost 
triangular in shape ; the husk is greenish brown, with numerous 
light grey specks. The seeds are covered by a parchment- 
like skin, composed of flat polygonally grouped cells, which 
can be readily stripped off after softening in water ; below this 
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is a thin but very hard husk, composed of sclerenchymatous 
cells, to which is attached the soft skin of the seed. This is 
parenchymatous and traversed by many vascular bundles. In 
the interior of the seed lies the embryo, surroimded by much 
albumin. The cells, which are soft-walled parenchyma, 
contain fat globules and large aleurone grains, some of which 
enclose crystalloids. The seeds contain 40 to 45 per cent, 
of oil. 

Castor oil is extracted in India in a somewhat primitive 
manner ; in Madras three methods are used : — 

(1) The seeds are roasted and then pounded in a mortar 
with three times the volume of water, the water is maintained 
at the boil and stirred with a wooden spoon. After some 
time the pot is removed from the fire, the oil skimmed off 
and allowed to cool. On the following day the mixture is 
again heated, and oil again obtained, which is of better 
quality than the first ; it is separately collected and pre- 
served. 

(2) The castor oil seeds are first boiled, then allowed to 
dry in the sun for 2 to 3 days, pounded and treated as 
above in order to obtain the oil. 

(3) The seeds are thrown into water over night, and 
ground in a mill to a paste, which is filled into a cloth and 
pressed. The oil produced is suitable for burning and 
industrial uses. 

In order to decide which process gave the best result, 
official trials were made, quantities of 1 cwt. of seed being 
used in each trial. 

{a) The seeds were ground in a crushing mill with 
horizontal rollers, the oily paste brought into a press and 
pressed. 

(h) and (c). The seeds were roasted, as in the usual native 
process, pounded and boiled with water, the oil swimming on 
the surface being skimmed off. 
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The following yields were obtained : — 



f ^ 





a. 


b. 


c. 


Oil 


36-5 lbs. 


32 lbs. 


31 -43 lbs. 


Cake 


36-8 „ 


not determined 


43-48 „ 


Husk and impurities . 


27-7 „ 


>» 


26-09 „ 



The yield (c) was obtained from seed ground in the 
ordinary native oil mill and then boiled. The oil (a) was 
very pure, the others were dirty and turbid. The quantity 
of oil obtained in (a), thus without the application of heat, is 
considerably larger than by the native processes, in which the 
yield is stated to be 25 per cent, of the weight of the seed. 

In Bengal the seeds are only partially roasted in a pan, 
they are then pounded in a mortar without being previously 
husked. The paste is then mixed with water and placed on 
the fire in an earthen pan. The water should stand 
6 to 9 cms. above the level of the pounded seed ; as the 
water evaporates in boiling, the oil rises to the surface. 
The vessel is removed from the fire, allowed to cool, and 
exposed to the action of the sun. Through the warmth, 
oil again rises to the surface, it is skimmed off and heated 
until all the water has evaporated and the impurities have 
settled. According to another process, the seeds are boiled 
with water until they are soft, then dried and pounded ; 
the yield is 32 per cent, from Chinalzis seed, 37*5 per cent, 
from Gohmna seed, and 31 per cent, from Tagur seed. The 
oil maker in Calcutta works in the following manner. The 
seeds are first cleaned by women, who are exclusively engaged 
in the operation. The seeds are spread out on a raised board, 
and broken in two or three pieces by a blow from a 
flat wooden hammer, the husks being loosened at the same 
time. The broken seeds are then separated from the 
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husks by sieving, dried in the sun, powdered in a special 
apparatus, brought into bags and pressed. The oil as it flows 
out is caught in vessels placed below and brought into large 
galvanised iron tanks, in which it is exposed to the action 
of sunlight, in order to bleach it and separate the impurities. 
Oil which does not brighten is heated in a pan and, after 
treatment with charcoal, filtered through flannel. The oil 
obtained in this way is quite pure and suitable for medicinal 
purposes. 

In another process, also used on the large scale, the pre- 
liminary treatment of the seed is the same as previously 
given, but in pressing the press is heated. This naturally 
gives rise to a larger yield of oil, but the oil acquires, through 
irregular heating, an unpleasant taste, detrimental to its 
quality. After pressing, the oil is heated to drive off moisture, 
and filtered through charcoal. Even in India the seeds are 
shelled by a machine, which consists of two smooth iron 
rollers moving towards one another, and turned by manual 
labour. The distance between the rollers can be adjusted so 
that seed of different sizes can be treated ; the rollers must 
be so placed that the husk is split, as the seed passes 
through, without the kernel being injured. The seeds are 
sorted according to size (the rollers are adjusted to corre- 
spond with the dimensions of the seed) and placed in a wooden 
hopper, containing 4 to 5 kilos., above the rollers ; they 
pass between the rollers, and then through a sieving arrange- 
ment by which the husks are separated from the kernels, 
which are next exposed to the sun. After this procedure, 
which is to be regarded as very important to the easy extrac- 
tion of the oil, they are crushed (also between rollers) and 
converted into a coarse meal. The meal is at once filled 
into bags of coarse cloth, which are placed between the press- 
plates of an ordinary screw press, provided with two powerful 
screws with holes for a cross bar, each worked by two men. 
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The expressed oil flows into a vessel beneath, whilst a fire is 
maintaihed on the press. Each press-bag contains about 
0*5 kilo, of ground kernels; the press takes 130 to 150 bags 
at once. The oil is thick, slimy, and contains water. It is 
heated in large copper pans in order to evaporate the water, 
of which it contains 10 to 20 per cent. The manipulation 
in this process of brightening the oil requires the greatest 
attention, for experience is necessary to hit the exact point 
at which the heating should be discontinued. The practised 
workman entrusted with the operation recognises the proper 
moment from the ceasing of the movements of the oil, and from 
the colour and appearance of the deposit which forms. Finally, 
after coohng the oil is filtered, when it is ready for market. 

Properties of castor oil. — Castor oil is very viscid ; it 
becomes still thicker on standing in the air, and is finally 
converted into a sticky mass. It has a mild flavour, with a 
biting after-taste ; it mixes with alcohol in every proportion, 
and rotates the plane of polarisation of light, which is not the 
case with any other vegetable oil yet known. In thin layers 
it dries extremely slowly, forming a sticky skin, which even 
after months catches dust and fibres from the air ; it does not 
in any way dry to a solid layer like linseed oil. 



Specific gravity at 15** C. . 


0-960-0-964 (Allen). 


>j >> >j 


0-961 3-0-9736 (Valenta). 


18° C. . 


0-9667 (Stilurell). 


23° C. . 


0-964 (Dietrich). 


25° C. . 


0-9575. 


94° C. . 


0-9081 (Saussure). 


Behaviour on cooling : — Solidifies at — 17° to — 18° C. 


American oil solidifies at 


. -10° to - 12° C. 


Melting point of the fatty acids 


13" C. 


Solidifying „ „ 


3° C. (Hubl). 


Saponification value . 


181-181-5 (Valenta). 


Iodine value 


84-4 (Hubl). 


Iodine value of the fatty acids 


86-6-88-3 (Morawski and 




Demski). 
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Composition. — The principal constituent of castor oil is 
the glyceride of ricinoleic acid ; it also contains stearin and 
palmitin. Pure castor oil is recognised by its property of 
mixing in every proportion with absolute alcohol and glacial 
acetic acid; it is soluble in 2 parts of 90 per cent., and 
4 parts of 84 per cent, alcohol at 15** C. On the other 
hand, it is almost insoluble in paraffin oil, petroleum, and 
petroleum spirit; at 16° C. 0*5 per cent, of the oil is taken 
up by these solvents, at the same time the oil absorbs its own 
volume of petroleum ether, and Ij volumes of paraffin oil or 
petroleum ; the excess of solvent remains above the solution 
of solvent in oil. This behaviour, which is quite different 
from that of all other oils, makes its recognition in mixtures 
easy. The low saponification value, which approximates to 
that of the rape oils, is also characteristic. Castor oil gives 
the elaldine reaction. The physiologically active constituent 
is more abundant in emulsions of the seed than in the 
oil. It has been found that castor oil produced by extrac- 
tion has a stronger purgative action than expressed oiL 
Nothing is yet known as to the nature of this purgative 
constituent. 

When air is blown into heated castor oil it is oxidised ; 
it then acquires the property of mixing with mineral oils. This 
" soluble castor oil " is but little soluble in alcohol ; it belongs 
to the oxidised or " blown oils." The behavior of castor oil 
towards sulphuric acid is important ; it will be given under 
the heading of " Turkey red oil." 

Recognition in other oils, — The presence of castor oil in 
other oil may be recognised, according to Draper, in the 
following manner. A few drops of the oil under examina- 
tion are mixed with 5 to 6 drops of nitric acid. When 
the reaction is over the product is neutralised by sodium 
carbonate. As soon as the smell of nitrous acid has dis- 
appeared, the odour of cenanthylic acid appears, if castor oil 
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be present. A parallel experiment with pure castor oil should 
be made for comparison. 

Adulterations. — Castor oil is seldom adulterated ; accord- 
ing to Schaedler, sesame oil is used ; the oil is then not com- 
pletely soluble in alcohol, but gives turbid mixtures. Such 
an addition is also recognised by means of the elaidine reaction, 
in which pure castor oil sets to a solid mass in 6 to 7 
hours, whilst adulterated oil gives a sticky yellowish or 
reddish mass. In the reaction with a mixture of nitric and 
sulphuric acids, castor oil containing sesame oil gives a bluish- 
green coloration. 

Bejlning. — According to Pavesi, the oil is refined in the 
following manner: — 1000 parts (by weight) are mixed with 
25 parts of well purified bone black and 10 parts of calcined 
magnesia. The mixture is allowed to stand at 20° to 30° C, 
for 3 days with stirring, and is then filtered in a suitable 
manner. The filtered oil is colourless, and less inclined to 
thicken than unrefined oil. 

Amplications. — Medicinal : as a purgative. 

Industrial : as a lubricant, in the manufacture of soaps, for 
Turkey red oil (used in dyeing), in varnishes to impart elasticity, 
etc. 

Turkey red oil. — This substance, which is used in 
alizarin dyeing (in the production of reds upon fabrics), is 
obtained by the treatment of castor oil with strong sulphuric 
acid, as was stated by Miiller- Jacobs in 1879. The product 
forms a thick, pale yellow, syrupy liquid of specific gravity 
1*023, miscible with water in every proportion. By the 
action of concentrated sulphuric acid upon castor oil two 
substances are formed, one soluble, the other insoluble in 
water. According to Benedikt and Ulzer, the soluble portion 
is a sulphuric ester, ricinoleo-sulphuric acid, CigHggOg.O.SOgH, 
whilst the insoluble part is a mixture of free fatty acids 
and unsaponifted oil. Juillard, on the other hand, considers 
6 
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that Turkey red oil is of a more complicated composition, 
and not always uniform. It contains the sulphuric acid esters 
of ricinoleic acid, several polyricinoleic acids, and compounds 
of triricinolein, mixed with their decomposition products, 
among which ricinoleic acid predominates. In the action of 
sulphuric acid upon castor oil, the glycerin is not completely 
split off, but half remains behind in the oil, thus influencing 
its solubility and capabiUty of forming emulsions. On boil- 
ing with alkali, Turkey red oil is decomposed into ricinoleic and 
ricinoleo-sulphuric acids. With water or acids, on the contrary, 
pentaricinic, triricinic, HO.C17H32.CO2.C17H32CO2.C17H32.CO2H, 
and diricinic acid, HO.C17H32.CO2.C17H32.CO2H, are formed. By 
the action of sulphuric acid upon castor oil at a low tem- 
perature triricinolein-sulphuric acid is first formed, which is 
hydrolysed, monoricinolein-sulphuric and ricinoleic acids, also 
polyacids, being formed. 

According to Scheurer-Kestner, the acid product of the 
reaction is not a solution of fatty acids in water, but a hydrate 
containing 10 mols. of water to 1 moL of oil. 

Turkey red oil contains two constituents which may be 
separated by treating with ether ; the insoluble oil is lighter 
than water, difficult to saponify, has an acid reaction, and dis- 
solves in alkalis without decomposition. The soluble oil is 
heavier than water, in which it forms a clear solution ; it con- 
tains 8*8 per cent, of sulphuric acid. When salted out by 
•Glauber's salt it contains 30 to 40 per cent, of water, which is 
partially lost at 75° C. 

Another preparation, also obtained by the action of 
sulphuric acid on fats, may be used in place of Turkey red 
oil. Schmidt and Tonges, by acting upon fats or fatty acids 
with strong sulphuric acid, obtained the glycerides of the 
sulpho-fatty acids or the sulpho-fatty acids themselves 
respectively. These substances, when heated to 105"* to 120*^ C, 
produce the glycerides of the hydroxy-fatty acids or the acids 



TURKEY BED OIL 83 

themselves. They can also be converted into dihydroxy-fatty 
acids by again treating with sulphuric acid, and heating the 
sulphuric acid esters produced. 

The following methods have been given for the prepara- 
tion of Turkey red oil : — 

(1) Not more than 20 kilos, of castor oil are weighed off in 
a thin-walled earthenware or enamelled iron vessel, 2 J kilos, 
(or I the weight of the oil) of strong sulphuric acid are 
gradually added in a thin stream. Never more than 100 grms. 
of the acid are added at once. During the operation the 
mixture must be continuously stirred, otherwise the acid sinks 
to the bottom ; the oil is coloured brown, and sulphur dioxide 
is evolved. The vessel is kept at 30° to 40° C. for 4 hours on 
the water-bath, and then left at rest for 24 hours. The con- 
tents of several vessels are poured into a wooden tub, and 
excess of. acid removed by three washings with a 10 per cent, 
solution of common salt, 4 Utres of which are used to 5 
kilos, of oil. The first two washes are done in the cold, the 
third warm. After adding the salt solution the mixture is 
well stirred and left to stand 6 hours, when the mixture of 
salt solution and sulphuric acid is drawn off from the 
bottom. The oily product has a strong acid reaction ; it is 
seldom used in this condition, since it gives a turbid solution 
in water. The oil is neutralised by the addition of 1 per cent, 
soda solution, or caustic soda solution of 5° B. and ammonia of 
specific gravity 0*961. To each 5 kilos, of oil 2 litres of 
soda solution, or 0*5 to 1*5 litres of caustic soda and 0*5 to 1*25 
litres of ammonia are used. The oil must now have a light brown 
colour and be completely clear. An excess of soda should be 
avoided, since this hinders the complete absorption of the oil 
by the fibre. Excess of ammonia is not detrimental, but it 
must be added last. The oil so obtained gives a clear solution 
in water in every proportion ; if the solution should be turbid, 
it can be cleared by the addition of a little ammonia. 
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(2) Castor oil is treated by 20 per cent, of sulphuric acid 
of 66° B., by allowing the acid to flow slowly into the oil in 
a thin stream whilst stirring. The oil is contained in a lead- 
lined iron vessel, cooled by* ice. After standing 2 to 3 
hours the mass is gradually diluted under steady stirring by 
luke-warm soda solution, 2*8 kilos, of crystallised soda being 
used to 1 kilo, of acid. After standing over night the finished 
product separates. Liechti uses in winter 20 to 30 per cent., in 
summer 15 to 20 per cent, of sulphuric acid without cooling, 
but warming in winter to a summer temperature. 

Turkey red oil apparatus of Schohileuthner. — In 
preparing castor oil soluble in water, an oaken vessel, about 
1*2 m. wide and 0*3 m. high, Uned with lead, is used. It is 
filled to a depth of 5 cms. by about 60 litres of oil ; the 
contents can then be rapidly mixed, which is important, since 
the rapid development of heat on the addition of sulphuric 
acid may cause the failure of the operation. When brought 
in contact with 0*9 parts of sulphuric acid, the oil is quickly 
destroyed, thus great care and attention are required to bring 
the process, which lasts several hours, to a proper termina- 
tion. The apparatus of Schohfleuthner is very convenient for 
this purpose ; the acid is contained in bottles provided with 
taps, and fastened in wire baskets to the arms of the stirring 
apparatus. The bottles rotate with the stirrer, and are 
gradually emptied into the vessel. The arms of the stirrer 
consist of rods, 6x6 cms., well coated with lead, and carry- 
ing narrow pointed rods arranged one above the other in the 
form of a grating. The stirrer, by means of suitable 
mechanism, can at once be raised out of the liquid, as is 
necessary at the end of the operation, or at other times. The 
Turkey red oil made by this method is dark orange to pale red in 
colour, is clear, and when carefully washed forms no precipitate. 

Preparation of a substance from castor oil miscible 
with mineral oils and water. — Castor oil is insoluble in 
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mineral oils, and thus cannot be used in the preparation of 
mineral lubricating oils. When castor oil is heated and sub- 
jected to a partial dry distillation, a semi-solid sticky residue 
remains, which mixes even at the ordinary temperature with 
mineral oil in every proportion, and can also take up certain 
quantities of cerasine and vaseline ; the new product can also 
.take up water and aqueous solutions, even together with 
mineral oil. These properties make the oily product par- 
ticularly suited to the preparation of viscous lubricating oils 
in admixture with mineral oils, and also as a base for phar- 
maceutical salves and liniments. 

Sunflower Oil 

SonneMumenbl. 
Huile de tournesoL 

The sunflower (Helianthus annuus, L.), from the seeds of 
which the oil is obtained, is a native of Meil6o. The plant 
has long been grown in European gardens for decorative 
purposes, and also is cultivated on a large sckle in Southern 
Russia. In its native country oil was long 1 ago extracted 
from sunflower seeds, and in the previous century attempts 
were made in Germany to make the plant useful as a pro- 
ducer of an industrial oil, but unsuccessfully. The seed 
kernels are used in Eussia for the production of oil, and 
are also exported to other European countries for the same 
purpose. Eussian sunflower oil is a not inconsiderable article 
of commerce in Germany. 

The fruits of the sunflower are either black, greyish 
brown, or whitish ; in commerce, black fruits or black with 
brown longitudinal stripes are alone found. When dry the 
fruits form longish ovals, somewhat sharpened, somewhat 
sunken or at least flattened at the broad (upper) end, about 
1 cm. long, 4 to 5 mm. wide, and 3 to 4 nmi. thick. On 
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careful examination the fruit is found to be unsymmetric^ 
The woody brittle husk, not readily split along the length, il 
0'5 to 0*6 mm. thick. The external surface, which is souk 
what polished, is either quite black or has a black groiindl 
with longitudinal greyish-brown stripes. The weight of the 
husk is in proportion to the weight of the seed as 53 to 
47, both air-dried. Since the dried fruit produces 15,] 
per cent, of oil, the seed must contain about 32 per cent. 
The fruit capsule is covered by a membrane which consists of 
long flattened cells with transparent walls thickened towards 
the exterior, and with brownish-black resinous contents. 
To this membrane is attached a second consisting of paren- 
chymatous tissue containing one or more layers of cells. 
Next comes the tissue which constitutes the principal part 
of the capsule; it consists of long thick- walled parenchyma 
cells traversed by numerous vessels and intersected in a 
vertical direction by a tissue, which, in arrangement, shape, 
and position of the cells, can best be compared with medullary 
rays, A section of the external skin of the capsule appears 
to be divided into flat sheets at distances of 0*20 to 0*38 
mm., from the junctions of which the medullary tissue issues. 
The skin of the seed, as seen from the surface, consists of 
several layers of cells polygonally grouped; it is traversed 
by vascular bundles which consist either of cambium elements 
or principally of thick spiral vessels. In the seed itself 
is visible only parenchyma and the epithelium covering 
the cotyledons; the latter differs from the former only by 
its flattened and light brown cells, the parenchyma cells 
being rounded or polyhedral. Both in the cells of the 
epithelium and of the parenchyma fat drops occur, and also 
aleurone granules crowded together, 0*0036 to 0'0067 mm. 
in diameter ; when these are examined immersed in oil by the 
highest powers of the microscope, grains of varying sizes are 
seen in the interior. 
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^Production of sunjlower oil. — The seeds are shelled by 
goxitle crushing, the kernels ground, and the oil expressed or 
oxi'bx'acted. 

Properties. — Sunflower oil is clear, pale yellow, has a 
pl^CLsant smell and a mild taste ; it has not yet been 
tlioxoughly examined. 

Specific gravity at 15" C. . 0*962 (Chateau). 

. 0-924-0-926 (Allen). 
Melting point of the fatty acids 23° C. 
Solidifying point of the oil . - 17° (Bach). 

jipplications. — As an edible oil, like olive and other 
vegetable oils. 

Technical : in the manufacture of soaps, and in paints 
instead of linseed oil. 

I Grapeseed Oil. 

Trauhenkernbl. 

Huile des pepins des raisins. 

The material from which this oil is obtained ia the seed 

of the grape, which together with skins constitutes the residue 

(" trester ") after the sweet juice has been expressed. The 

plant itself, Vitis vinifera, is too well known to need further 

description. The seeds from which oil is to be obtained 

must be entirely freed from the skins and pulp, since these 

find another use. When the " trester " is to be worked 

for brandy the seeds must be picked out by children, 

because it produces a much better product when free 

- from seeds. In all other cases the " trester," as it comes 

, from the press, is spread out on a large drying floor and 

turned over every day with a fork; it soon shrinks so 

that the stalks can be removed by a fork. When the skins 

have still further dried, the seeds can be separated from 

them by a fan ; seeds which still remain may easily be 

loosened by thrashing. The seeds so obtained are spread 
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out in a thin layer upon the floor, with a free access of 
air, and well dried, which is very important for the pro- 
duction of good oil. Statements as to the amount of oil 
in grape seeds vary greatly ; it is said that 12 or even 20 per 
cent, of oil can be expressed. 

Production of grajyeseed oil. — The dried seeds are either 
ground fine in an ordinary mill with horizontal stones, or in 
an oil mill with vertical runners. During the grinding, luke- 
warm water is added from time to time to prevent adhesion 
to the stones. The ground seed, which produces the more 
oil the finer it is ground, is brought into a copper vessel 
and gradually mixed with J to J of its weight of warm 
water, the formation of lumps being prevented by stirring. 
The mass must not be allowed to burn on the pan sidqs, 
otherwise the oil acquires a burnt taste. The mixture is now 
brought into ordinary hair press bags and pressed in an 
oil press. When no more oil flows out, the cakes are again 
several times ground and treated in the manner previously 
described, when they give up more oil. In this manner, 
from 100 kilos, of seed, 10, 12, and even 20 kilos, of 
oil are obtained. These differences in the yield appear to 
be due to differences in the variety of grapes, and in the soil 
upon which the plant grows. 

Properties. — Grapeseed oil is a somewhat viscous golden 
yellow or brownish-yellow oil, inclining to green. The odour 
is slight and characteristic ; the cold-pressed oil has a mild 
flavour, and is a valuable edible oil ; when hot pressed it has a 
somewhat harsh taste. 

The specific gravity of the oil at 15° C. is 0*9202; 
it solidifies to a butter at — 11° C. In the air it turns 
rancid, becomes brown, and dries slowly. It burns with a 
bright flame, free from smoke and smell. It can be refined 
like all fatty oils. 

E. Wagner found in grape seeds from Lower Franconia, 
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dried at 100° C, 11*2 per cent, of oil, and in another experi- 
ment 10 8 per cent. Fitz found in grape seeds 15 to 18 per 
cent, of oil, which contained the glycerides of palmitic, stearic, 
and erucic acids, the latter forming about one half of the 
fatty acids. 

Applications. — As an edible oil, like olive and other 
vegetable oils. 

Industrial : as a lubricant, for soaps, and as a burning 
oil, etc. 

New Drying Oils 

rSano or Ungucko oil. — The seeds are obtained from 

a large tree of the family of the Oleacece, which grows 

exclusively in Kuabi, near Brazzaville, and in the Loango and 

M. Pongu districts of the French Congo. The fruit is a 

bean about 3 cm. long, containing a brown oval nut 2*7 cm. 

long and 2*4 cm. thick. The shell is about 1 mm. thick. 

The seed almost entirely fills the cavity of the shell, to 

which it is attached at the bottom ; in taste it resembles 

the hazel nut. The fruit is much liked by animals, although 

the natives do not use it as food. The kernel, which is 63 

per cent, of the weight of the whole fruit, contains sap ; on 

extraction by benzene it yields 60 per cent, of oil. This oil 

has a reddish colour, an acorn-like flavour, and peculiar 

smell. It is very viscid, dries well, is slightly soluble in 

90 per cent, alcohol, and has the specific gravity 0*973 at 

23° C. By treatment with boiling water and litharge it is 

converted into a paste, which hardens after some time. On 

account of its composition the oil is suited for industrial 

purposes, and may probably be used instead of linseed oil, 

with which it has great similarity. 

Mohamba oil. — The seeds are in many respects similar 
to the rSano ; the kernel constitutes 65 per cent of the fruit. 
The husk, as also that of I'Sano, contains insufficient nutritive 
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material to possess commercial value. By extraction with 
benzene the kernels give 12 per cent, of oil, and leave a 
residue containing 19*5 per cent, of nitrogenous matter 
(3*42 per cent, of nitrogen), 7 6 2 per cent, of which is soluble 
in water, lo per cent, of sugar, 4*5 per cent, of gum, and 
4 3 3 3 per cent, of gum, starch, etc., insoluble in water. 
The ash is similar in composition to that of I'Sano cake. 
The cakes form a nutritious food rich in nitrogen and starch. 
Mohamba oil is fluid at 15° C; its colour is yellow, and taste 
unpleasant ; it is without odour. The specific gravity at 
23° C. is 0*915, and the solubility in 90 per cent, alcohol 
very small. When treated with boiling water and htharge it 
forms a solid plaster. 

Drying Oils of no Technical IxMportance 

The drying oils mentioned below have no importance 
in commerce, either because they are introduced in too small 
quantities and at irregular intervals, or because their usefulness 
has not been examined, so that no definite statement can 
bo made regarding it. It is probable that none of these 
oils, especially such as come from distant countries, have 
yet been brought at any time into the market in large 
quantity. This was the case for many years with Chinese 
and Japanese wood oils, which in a short time have found 
tolerably extended applications, thanks to their remarkable 
properties. 

Shial Kaata oil (Argemoneol, Huile de pavot epineux, 
huilo de charbon jaune). From Argemone mexicayia. 

Deadly nightshade oil (Belladonna seed oil, Belladon- 
naiil, Tallkirscliensauienol, Huile de belladonna). From Atropa 
belladonna. 

Camul oil (Camulol, Huile de Polongo). From Mallolotus 
Philippinensis, Mull. (Abyssinia, Southern Arabia, India, 
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Malay Archipelago, Philippines, East China, North 
Australia). 

Koeme oil (Castanhasol, Huile de noix d'Inhambane). 
From Pelfairia pedata^ Hook. 

Chironji oil. From Buchanania latifolia. 

Colocynth seed oil. From Cucumis colocynthis. 

Coula-nut oil (Coulanussol, Huile de noix de Coula). 
From Coula edulis (West Coast of Africa). This oil does 
not dry completely. 

Thistle oil (Distelol, Huile de chardon). From Onopodon 
acanthium, L. 

Red pineseed oil (Fichtensamenol, Huile de pinastre). 
From Picea vulgaris, Lank. 

Garden cress oil (Gartenkressensamenol, Huile de 
cresson alenois). From Lepidium sativum, L. 

Homed poppyseed oil (Hornmohnol, Huile de pavot 
comu). From Glaucinum luteuniy Scop. 

Cucumber seed oil (Gurkenkernol, Huile de concombre, 
Huile d'Egusi, Huile d'Abobora). From Cucumis sativus, L. 

Hickory oil (Hickory 51, Huile de hickory). YvomCarya alba, 

Jy-chee oil. From Euphorbia dracunculoides. Lam. 
(Punjab, Madras, Bengal). A drying oil for paints. 

Pine oil, Scotch fir oil (Kiefernsamenol Fohrensamenol, 
Huile de pin). From Pinus sylvestris, L. 

Burr oil (Klettenol, Huile de Bardanne). F>om Ardinum 
Lappa, L. 

Pumpkinseed oil (Klirbiskernol, Huile de pepins de 
citrouille). 

Melonseed oil (Melonol, Huile de melon). F>om 
Cucumis melo, L. 

Weldseed oil (Kesedasamenol, Huile de gaude). From 
Reseda luteola. 

Honesty oil, Hesperis oil (Kothrepsol, Huile de 
juMenne). From Hesperis matronalis. 
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Safflower oil (Safflorol, Huile de carthame, huile de 
saffre). From Carthamus tinctorius^ L. 

Tobaccoseed oil (Tabaksamenol, Huile de tabac). From 
Nicotiana tabacum. 

Spruce firseed oil (Tannensamenol, Huile de sapin). 
From Abies pectinataj D.C. 

Cassweed seed oil (Taschelkrautsamenol, Huile de thlaspi, 
Huile de cresson). From Thlaspi arvensCy L. 

Water melon oil (Wassermelonol, Huile de melon d'eau, 
Huile de Beraf). From Curcubita citruUus. 

Zachun oil (Zachunol). From Bolonites Eaxburghii 
Planch. (Africa, Senegal). 

Cembra-pineoil (Zirbelnussol). From Pinus cembra. 



CHAPTER III 

PRODUCTION OF THE DRYING OILS BY EXPRESSION 
AND EXTRACTION. REFINING AND BLEACHING 

Drying oils are produced from the under-mentioned seeds and 
fruits, which contain the proportions of oils stated : — 

Per cent. 

Candle nut, from Aleurites mdluccana , . 62-64 
Cedar nut 

Hempseed, from Cannabis sativa . . 30-35 

Linseed, from Linum ussitatissimuni . . 38-40 

Pumpkin seed, from Cucurhita pepo . . 20-25 

Poppy seed, from Papaver somniferum . . 41-50 

Walnut, from Juglans regia .... 63-65 
Seeds of Elmococca vernicia (Wood oil) 

Castor oil seed, from Ricinus communis . 46-53 

Sunflower seed, from Helianthus^annuus . 21-22 

Grapeseed, from Vitis vini/era . . . 11-12 

The above percentages of oil cannot be obtained from the raw 
materials ; the yield is always smaller by 8 to 1 5 per cent, by 
expression, and by 4 to 8 per cent, in extraction. The seeds 
themselves contain very varying proportions of oil, according 
to the locality and climate. It is thus frequently necessary 
to estimate the oil in particular parcels of seed ; this is best 
done by extracting the oil, by means of a solvent, from the 
powdered and dried substance, under conditions which permit 
of complete extraction. Vohl's oleometer is a suitable 
apparatus for this purpose; the whole apparatus, as shown in- 
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rise through h into C, where they at first condense ; but after- 
wards, when C has become hot, they reach Z, where they are 
condensed by the cold water or ice, the liquid flowing back 
by the bent tube k into C, thence through i and / into A, and 
finally through c into B. The tube g serves for the exit and 
entry of air during changes of temperature. In this manner 
it is possible to. extract considerable quantities of seed by 
relatively little petroleum spirit. When the liquid runs 
from c clear and colourless it may be assumed that the oil is 
completely extracted. The petroleum spirit is now separated 
by distillation from the oil and the latter weighed. The 
petroleum spirit (canadol) used for this process should not 
exceed 0*66 to 0*68 in specific gravity, or 50° to 60** C. in 
boiUng point. With some practice such an estimation may 
be made in 1 J to 2 hours. When many similar estima- 
tions have to be made, the final removal of the spirit by dis- 
tillation takes too much time, requires great care, and, in 
addition, the necessary apparatus, which is not always at hand. 
For these reasons Vohl has endeavoured to estimate the oil 
content of seeds volumetrically. The specific gravity of the 
fatty oils is considerably higher than that of the petroleum 
spirit by means of which they are extracted, thus the specific 
gravity of the spirit solution must rise in proportion to the 
increase of the quantity of oil it contains. 

Before proceeding to consider the actual production of the 
oils, it is necessary to make a few remarks concerning the 
storage of the seeds and fruits, since the quality of the oil 
depends on the faultless nature of the raw material, and 
in the storage no deterioration must be allowed. The seed 
also requires purification ; all oil seeds, as they come into the 
market, contain foreign admixtures, earth, sand, the seeds of 
weeds, and oil-bearing seeds, all of which should be removed 
as far as possible. In producing oils of this category, seeds 
containing non-drying oils must not be present, since they 
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to the lowest room. In moving the seed the valves of 150 
pipes, each 5 cm. wide, commimicating from floor to floor, 
are opened, the seed then falls uniformly down until it 
attains a depth of 1*5 metres, each seed acquiring a rotary 
motion. The seeds collect in conical heaps. All the valves 
are connected by levers ; the whole management and labour of 
the store lies in the hands of one workman. In order to raise 
the seeds again from the bottom to the top floor, they are 
brought into the three Archimedean screws, which traverse 
the length of the store ; these feed a cross screw which leads 
the seeds into the hopper K of the elevator B. The series 
of operations can then be recommenced. 

Circumstances may make desirable a different direction of 
movement, on this account the pillars are traversed by pipes 
with lateral feeders through which the seeds may enter. By 
this means the seed may be transferred from the top floor 
direct to the bottom, omitting the intermediate floors. For 
example, if new seed is to be admitted, the particular floor 
may be cut oft* without interrupting the regular work of the 
stora The ceilings of the store are of corrugated iron. Each 
square metre of floor space can be loaded with 1500 kilos, of 
seed. The columns are braced together by ties to support 
the horizontal thrust of the corrugated iron. The conveyers 
and elevators are run from the shafting W, connected with the 
general system of the oil mill Wherever the belts have to 
run through the unprotected seed, iron casing of the necessary 
height is provided. Particular attention has been given to 
the ventilation of the store ; the shutters are entirely of iron, 
and can be opened or closed by rods which connect a number 
of windows. A short elevator can also be provided, travers- 
ing only three storeys ; this is of particular advantage when 
the store is connected with other warehouses. Arrangements 
must then be made to convey the seed in the horizontal 
direction, for when it is to be moved from one store to the 
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other a screw conveyer is not suitable, especially when the 
distance is great. Another conveyer has recently come 
into use, it consists of a broad indiarubber or cotton band 
running in a horizontal direction, and always kept stretched. 
The seed is deposited on one end of this belt, which is 
300 mm. wide, and is carried forward with it, without a single 
seed escaping over the edge, until the direction of movement 
becomes vertical. This method of conveying seed tends to 
preserve and purify it. 

Cleaning the seed. — All oil seeds, before jthey are used, 
must be cleansed from impurities, such as^ sand, earth, 
portions of plants, and foreign seeds, which naturally accom- 
pany the seed. Otherwise the cake will vary in flavour, 
and the sand and earth will not only injure the machinery 
but also deteriorate the quality of the cake, since it will 
contain substances of no nutritive value. Those impurities 
which are lighter than the seed can be removed by fanning, 
the current of air carrying them away in consequence of their 
lightness. The foreign seeds, which might also injure the 
quality of the oil, fall into the following classes : — 

1. Seeds, which tliemselves produce oil, alter the yield of 
oil very little, but injury its quality when, for example, the 
seeds of non-drying oils accompany those producing drying 
oils. Thus in linseed there atk generally found the seeds of 
charlock, mustard, and dotter, since these usually accompany 
the plant as weeds. 

2. Seeds, which produce no oil when pressed, but contain 
so much oil that they absorb none from the meal but increase 
its volume, for example, the seeds of fleawort and corn spurry. 

3. Seeds which contain no oil or very little. These 
absorb oil when the meal is pressed and thus reduce the 
yield. Such are the seeds of flaxweed and darnel. The 
earthy and fortuitous admixtures also absorb oil, diminish 
the yield, and liiake the cakes heavier. 
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In the further treatment of the seed the size of the 
impurities is of great importance, whether they are equal in 
size to the oil seeds, greater or smaller. If they are equal in 
size it is difficult to remove them, since they pass through the 

sieve together with the seed, if they are not sufficiently friable 

< 

(as earth, etc.) to be broken up in the sieve. The separation 
of impurities larger or smaller than the oil seeds is easy; 
they are removed by sieving machines in which the seed 
is shaken. 

Production of the Drying Oils by Expression and 

Extraction 

The drying oils are obtained, like all seed oils, by 
(1) cold or hot pressing, or (2) extraction by a volatile 
solvent, such as carbon bisulphide, petroleum spirit, canadol, 
carbon tetrachloride, etc., which can be completely, or almost 
completely, removed from the seed after the extraction of the 
oil. Cold pressing produces pale pure oils free from foreign 
admixtures, and therefore of good flavour, which in many 
districts are used for culinary purposes. At the same time, 
the yield is smaller and the cakes contain more oil ; they are 
not generally used as fodder, but are ground and subjected 
to hot pressing, or are extracted, the latter being more 
profitable in regard to the yield of oil. Hot pressing, which 
may be accomplished by means of heated presses or by 
previously heating the seed, gives rise to a more coloured, 
turbid, impure oil, unsuited to culinary uses. By extraction 
a paler and more pure oil is obtained, but equally unsuited  
for edible use. For technical purposes the seeds and fruits 
which yield drying oils are exclusively hot pressed or 
extracted, because the yield is all important and the oils 
produced completely satisfy commercial requirements. 

In the production of oils, and especially of the drying 
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exclusively employed. These may be of the pan, trough, 
sack, ring, or horizontal type, and may be with or without 
press cloths, according to the construction of the press. Of 
the different systems, that is naturally the most efficient 
which is of the simplest construction, can be worked rapidly 
and easily, is of sufficient power to express the oil, is 
durable, requires the least repairing, and produces uniform 
cakes without the use of press cloths. Such a press is 
illustrated in Fig. 4, the construction is broadly as follows : — 
In the press 4, 6, 8, or 10 wrought-iron or steel rings 
are built above one another, each of which has a move- 
able bottom of finely perforated steel. Between every two 
rings is a cast-iron or cast-steel plate, the upper surface of 
which is grooved, the lower plane. On these plates, which 
are introduced between the columns of the press, are slides 
in which the press rings move, and which serve as guides in 
the withdrawal and introduction of the rings. Each plate 
has a large peripheral channel to collect the expressed oil. 
The press is filled as follows : — Upon the perforated steel 
plate of each ring is laid a cover of woven horsehair, wool, 
or felt, upon which is placed the seed, and then another 
horsehair cloth. When all the rings are filled the pressure is 
applied, forcing the upper grooved surface of each plate 
into the ring above it ; the oil flows through the horsehair 
cloth, the perforated steel plate, and the grooves of the 
plate, into the channel. If the oil flows uniformly from the 
whole surface of the cake it has only to traverse the thin 
cake ; it therefore runs off readily and rapidly, and cakes of 
accurate shape and uniform composition are produced. The 
edges of the cake, which do not contain more oil than 
the centre, need not be trimmed off. In presses for very 
large cakes the rings are too heavy to be lifted out ; they are 
therefore provided with systems of slides and a double set of. 
rings. After one set of rings has been pressed it is withdrawn 
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to one side for emptying and filling, whilst the other full set 
is at once pushed into the press from the other side. The 
method of working is continuous and very simple. 

By using press boxes of corresponding shape in place 
of the rings, circular, rectangular, or trapezoidal cakes of 
any dimensions can be produced. All the presses are also 
provided with heating arrangements for steam or hot water, 
by which each plate is heated. Since each cake is placed 
between two heated press plates, the heating is uniform and 
thorough. These presses produce results unattainable by 
other systems. In order to be able to bring into each ring 
the largest possible quantity of seed, a special filling machine 
is provided which fills in one minute without attention eight 
rings, and compresses the charge so that each ring contains 
about 20 per cent, more seed than if it were filled by hand. 
These machines may also be supplied with heating pans. 
One machine is sufficient to supply fifteen presses ; they 
are to be recommended for large works. All the presses are 
constructed for a working pressure of more than 300 atmo- 
spheres ; pressure cylinders, columns, and nuts are of cast steel. 

Accumulators are a great advantage in the uniform 
working of hydraulic presses; they are in general use. 

The size of the press, the form and dimensions of 
the press troughs, boxes, and rings naturally vary with the 
amoimt of drying oil which is to be produced. 

Before the oleaginous raw material can be treated by the 
presses, it must be crushed or groimd and then heated. In 
the older oil works ordinary mill-stones or stamps were gener- 
ally used for grinding, then edge-runners were employed, whilst 
now roller crushers are in almost exclusive use. The machines 
have at least two, and frequently four to six, rollers, placed 
one above the other, between which the seed passes and is 
crushed. The rollers are generally arranged so that the seed 
is completely ground in its descent between them, and then 
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falls as meal into a receiver below. It is absolutely necessary, 
in the first place, to pass the material to be ground through 
some efficient sieving arrangement, in order to remove from 
the seed all hard substances, such as stones, etc., which might 
injure the rollers and make re-turning necessary before they 
could again be used. The grinding machinery is also used 
to regrind the cakes obtained in the first pressing, to prepare 
for the second pressing, so that the presses may again be 
charged with the material. Disintegrators are much used 
for powdering oil cakes ; they have an enormous capacity and 
turn out very fine meal. 

The meal obtained by one of the ordinary methods is 
pressed in cold presses if it is desired to produce edible 
linseed, poppy, or walnut oil ; in the case of oils for industrial 
purposes (which predominate), the meal is previously heated 
in order that the oil may run out more easily in pressing. 
This heating was formerly done in a very primitive manner 
in iron pans, heated over an open fire or by hot water ; the 
meal was liable to accidents, especially to overheating, which 

 

not rarely caused the production of strongly smelling and 
burnt oils. 

The arrangements now used for heating the seed meal 
may be very simple or very intricate ; in the most recent 
installations the heating is frequently combined with arrange- 
ments for filling the press bags or plates and for moulding 
the cakes. The size of the pan depends on the capacity of 
the presses, it should not hold more meal than is required 
for one charge of the presses. 

The moulding machine is designed to compress the 
ground and heated material, which is in a loose condition, 
into a smaller volume, but not beyond the point at which 
oil just begins to flow out. For this purpose great pressure 
is not required ; the presses are therefore driven by steam. 
By charging the oil presses with cakes which have received a 
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A wooden hopper is usually placed over the rollers, but if 
an elevator is required to feed the seed to the rollers, it can 
be provided at a very small cost. The rational methods for 
heating and moistening the seed meal in the heating pan 
deserve special attention ; for these purposes an improved 
steam jacket and a steam spray are used. The patented grind- 
ing machine for the cake trimmings, which is worked in con- 
junction with the trimming machine, is very eflScient. The 
cuttings are rapidly ground to a sufficiently fine meal, which 
can at once be conveyed to the heater. Thus the heavy and 
expensive edge-runner mills hitherto usual are dispensed with, 
and there is considerable saving in power. The capacity of 
the installation for linseed, which in this case is only once 
pressed, is 7000 to 8000 kilos, per hour, according as the 
cakes are made thick or thin. The capacity for seeds which 
are twice pressed, is diminished by one-third to a half. 
Including a stoker, only three men are required in each shift 
to work the machinery of this mill, whilst with ordinary 
systems a dozen or more are required per shift. In the 
illustration 

A denotes the vertical boiler, steam engine, feed heater, 
and feed pump. 

B is the roller mill with five chilled iron rollers, 300 mm. 
in diameter, and 380 mm. long, with well-turned steel axles, 
wheel gearing, and feeder. 

C is the wrought-iron steam-jacketed meal heater, with 
an insulating layer enclosed in sheet iron, improved steam 
sprayer for rationally moistening the seed in the pan, stirrer, 
pressure gauge, steam pipe, and condensed water outlet. 

E is an improved steam cake-moulding and pressing 
machine, with an automatic cut-off for the hopper, which 
is placed below the heating pan, and two steel cake plates. 

F F are two hydraulic presses, each producing fourteen 
cakes 700 mm. long, 280 mm. wide, and about 5| to 6 kilos. 
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in weight, with a steel cylinder and piston 300 mm. in 
diameter, four steel columns and solid wrought grooved press 
plates. 

G is an improved cake trimming machine with driving 
gear, six steel knives, conveyer, and steel shovels. 

H is a patented grinding machine with chilled cast-iron 
rollers, specially grooved for the cake trimmings, with driving 
gear and feed hopper. 

J is a set of hydraulic pumps with cast-steel cylinders, 
rectangular crank-axles of Siemens steel, connecting pipes, 
safety valve, release gear, and driving gear. 

K is wrought-iron oil tank. 

L is the massive cast-iron bed-plate with iron framework, 
gun-metal bearings, etc. 

A process for producing oil, due to Spir Her, must not be 
omitted. The oleaginous seeds, kernels, etc., are ground and 
then treated with a boiling solution of 2 to 5 parts of 
common salt in 100 parts of water. Sugar, syrup, and 
similar substances may be substituted ; th y are, however, 
dearer, and are less valuable as constituentb ^. the residue, 
which is designed for cattle food. The treatment of the 
oleaginous seeds with the salt solution may take place during 
the crushing under the edge-runner ; a better method is to 
boil the seed with a sufi&cient quantity of salt solution and 
then bring it into press bags. A milky salt solution, con- 
taining almost all the soluble matter of the seeds, flows out 
under the slightest pressure ; it is followed, under a greater 
pressure, by oil free from impurities, which floats above the salt 
solution ; the latter is afterwards drawn off. The valuable 
vegetable matter so obtained is filtered off or allowed to 
deposit, and then added to the press residues. The salt solu- 
tion may be used again. The press residues were formerly 
treated with hot water ; this has been abandoned, since it 
makes them liable to decomposition. The residues obtained 
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in the new process keep better in consequence of the salt, 
are better Uked by cattle, and more easily digested than 
the residues obtained without salt, and especially than 
residues extracted by carbon bisulphide. For this process 
no heavy presses or extractors are required ; it is sufficient 
to crush the seeds and press in a simple inexpensive press, when 
a pure oil is obtained, which is already free from mucilage and 
albumin. The residues are converted into a valuable food 
by the rupture of the plant cells and the swelling of the 
woody fibre, especially if the vegetable matter carried off by 
the salt solution is added. A proper amount of oil is left 
in the cakes after once pressing without hydraulic pressure. 
In the case of edible oil, there is the further advantage that 
the salt solution removes from the seed husk, together with 
the above-mentioped vegetable matter, the coloured impurities 
of bad taste which are transferred to the oil and injure its 
flavour when the seed is simply warmed. Thus by once press- 
ing a pure and fine oil is obtained. 

The procesrj of Graham for obtaining oil consists in 
lightly roasti' .r the fruits in a certain manner at 150° to 
180° C. Th<j kernels, after they have been separated from 
the husk, are then ground, the meal brought into a mixing 
vessel, and cold or hot water poured over. Whilst the water 
is being slowly added, the oil begins to separate from the 
thick mass, and rises to the surface in consequence of its low 
specifii^ gravity. About 1 kilo, of water is required to obtain 
1 kilo, of oil. The yield of oil varies somewhat according 
to the temperature of the mixture ; the largest quantity is 
obtained at about 55° C, whilst at 4° C. 3 to 4 per cent, less 
is extraoted. By this process not the whole of the oil con- 
tained in the seeds or nuts is obtained ; the best result, which 
was attained with nuts containing 45 per cent, of oil, was 
about 3 3 per cent. The residual oil is not, however, lost ; 
the most varied products can be obtained from the residues. 
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Oil is obtained by this new process more quickly and cheaply 
than by any other hitherto known. The oil is obtained 
completely clear and pure, so that no further arrangements 
are required for refining and filtering. Foreign constituents 
can be very readily removed simply by settling. 

Oils may be partially or completely produced from seeds 
or fruits by the extraction process, according as the seed meal 
is extracted without previous pressing or the pressed cakes, 
after yielding the first pressure oil, are crushed, ground to a 
meal, and then completely extracted. The oils are extracted 




Fig. 9. —Oil-Extracting Works. Fa9a(le. 

by readily volatile substances, which must possess the pro- 
perty, whilst they dissolve the fatty portions of the meal, of 
leaving undissolved other constituents, gums, colouring matters, 
etc. The solvents must also be readily and completely re- 
moved from the oils by heating and distillation, so that they 
are entirely regained, and do not leave the smallest amount 
in the oil. The solvent must be of such a nature that, after 
distillation from the oil solution, it has imparted no odour 
or flavour to the oil, which is obtained completely pure. 
The solvents used are carbon bisulphide, canadol, benzene, 
petroleum ether (benzine) and ether ; recently carbon tetra- 
chloride and sulphur dioxide have also been proposed. Carbon 
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tetrachloride has none of the disadvantages of carbon bisul- 
phide — unpleasant and harmful smell, inflammability, and 
the property of imparting an unpleasant flavour to the oil ; 
it has a pleasant smell, is not poisonous, at least not in an 
ordinary diluted state, its vapours are not inflammable at 
ordinary temperatures, its boiUng point is low, and yet so 
high that at the ordinary temperature loss through evapora- 
tion does not occur. It is not liable to decompose, leaves in 
the extracted oil no unpleasant smell or taste, and possesses 
great solvent powers. The oil extracted by means of carbon 
tetrachloride has a better colour than that extracted by 
carbon bisulphide, probably because the latter forms sulphur 
compounds which are generally dark in colour. The apparatus 
and process used with carbon tetrachloride are the same as 
with other solvents. 

The process with sulphur dioxide depends on the hitherto 
unknown fact that compressed liquid sulphurous acid (SO2) 
is a good solvent for oils and fats. It does not mix with 
oils and fats in every proportion to a homogeneous liquid, 
but the solubilities are such that the extraction of oleaginous 
materials by means of liquid sulphur dioxide can be effected 
in the same manner as with petroleum spirit and carbon 
bisulphide, and in a shorter time. So long as the oil is in 
excess, reckoning by volume, the mixture is homogeneous ; 
in spite of this apparent drawback there are such advan- 
tages that the disadvantages are outweighed. In the first 
place, the danger of fire disappears ; in the second, the 
sulphur dioxide, in consequence of its low boiUng point 
( — 10° C), can be much more easily removed both from the 
oil and the extracted material, and without the use of steam, 
which is a particular advantage when the extracted substances 
would be injured by the appUcation of heat or by moistening 
with steam. The total separation of the sulphur dioxide 

from the oil is far more easily accomplished than with 
8 
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connected with the condenser E, solvent is allowed to flow 
into L ; the solution of oil is then drawn off by the syphon 
ggg into M, as soon as its level rises above g. In M the 
solvent evaporates, the vapours rise round the walls of L, the 
contents of which they warm ; they then reach the return 
condenser N, where they are condensed. The warm liquid 
flows back into L, whence it is again carried over into M as 
soon as the level reaches {j. This automatic process is not 
interrupted until a sample taken at h indicates that the ex- 
traction is finished. The cooling water in N" is next cut 
off, the vapours then rise from L to N, thence pass to the 
condenser E, and collect as liquid in the reservoir V. The 
final portions of the solvent are driven both out of the ex- 
tract and the extracted material by direct steam. The oil 
is run off at u^ and the extractor L emptied through e. The 
apparatus may also be used for continuous extraction as 
well as for the intermittent process just described. In that 
case the outflow of the oil solution' is so regulated that 
the evaporated and recovered solvent maintains a constant 
level in L. 

The working expenses may be calculated as follows : — 

s. d. 
Steam : 4 J tons of coal at 16s. per ton . . 72 
Benzine : 4 cwt. (loss) at 10s. per cwt. . . 40 
Labour : I fireman, 1 extractor, 3 labourers . 28 3 
Various expenses and depreciation . . . 119 



Working expenses per 24 hours . iB7 12 

This is equal to 5^d. to 6Jd. per cwt. of seed, or 3fd. per 
cwt. of cake. 

A good process of extraction by benzine (petroleum spirit) 
is unquestionably to be given the preference over the best 
system of pressing, for the yield is not only considerably 
larger as compared with the best pressing, but the extracted 
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oil is more pure than expressed oil. Tlie mucilage and 
albumins, which escape in ju'cssing, and esj)ecially in hot 
pressing, are not taken u}) by the solvent. These substances 
remain in the extracted residue and increase its nutritive 
value. The residue, which has no trace of smell or taste of 
the solvent, is readily eaten by cattle; the meal has an 
odour and taste resembling new bread. Another important 
advantage is that this meal can be stored for a long time 
without deterioration, whilst press cakes are soon spoiled 
by the oil in them gradually turning rancid, when the cakes 
become uneatable. The change is the more rapid the more 
oil they contain. 

Of great importance is the process which combines 
pressing with extraction, in which the seed is pressed cold, 
the cakes ground and then extracted. 

Extraction apparatus of Prosper Monnet — This apparatus 
consists essentially of two upright cylinders, connected 
together after the manner of pipes. The motion of the 
liquid is caused by a difference in level, whilst the solid 
material under treatment is moved by screws, which revolve 
at a speed depending on the rate of outflow of the liquid. 
The continuous extraction is carried out in such a manner 
that the smallest quantity of solvent produces the most 
concentrated extract possible. The cylindrical arrangement 
of the apparatus also enables the solvent to act upon the 
material under a pressure which varies according to the 
height of the cylinders and the nature of the material. This 
circumstance accelerates the extraction of the oil. 

The apparatus is shown in Fig. 14 in vertical section. 
The vertical cylinders A and B, of height equal to ten times 
the diameter, are somewhat narrower towards the bottom, 
they stand upon a horizontal cylinder C, which is equal in dia- 
meter to the vertical cylinders at the junction. The material 
to be extracted enters the cylinder A through the hopper H, 
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The liquid moves in the opposite direction to the material 
under extraction, and rises in A to flow out into the channel 
K through holes NN, placed at a lower level than that at 
which the liquid enters B. The screws D and E are actuated 
from the outside by an ordinary means of transmitting power, 
as by the wheels FF shown in the drawing. The screw M may 
be omitted in all cases in which the material to be extracted 
does not cake together. If it is necessary to use it, it may 
be moved from above, mechanically or by hand. In any case 
the horizontal screw D must be able to move the material 
forward more rapidly than M, and E than D, so that stoppages 
do not occur. 

The process of the extraction is then as follows : — The 
ground oil seed comes through the shoot H into A, and the 
solvent, carbon bisulphide, carbon tetrachloride, or benzine, 
into B. Steam is admitted into the jackets (not shown in the 
figure) in such quantity as is required. The screws receive 
such a velocity that the meal remains in the apparatus a 
sufficient length of time to be completely extracted. Thus the 
meal admitted into A must, on its exit from B, be quite free 
from all soluble matter, which it has given up in its passage 
through the apparatus, whilst the solvent should run ofif by 
L, saturated with oil, and be lead to a distilling apparatus. 

Oil Cakes and Meal 

The residues from the production of oil are oil cakes 
from pressing and oil meal from extracting. Both are 
valuable as cattle foods, since, in addition to the nutritive 
matter they contain, they also possess a pronounced dietetic 
action, which they owe principally to the mucilage they 
contain. The two products differ, in the first place, in form, 
as expressed by the terms cake or meal ; the other chief 
difference is in their content of oil, which is for the former 
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7 to 20 per cent., for the latter 2 to 4 per cent. All meals 
and cakes are used as fodder for cattle, and in consequence 
of their high percentage of proteins, fat, and phosphoric acid, 
produce a better yield from the cows, and also a better 
manure. Their food value is not less than that of the seeds, 
since the nutritive constituents of both are digestible in the 
same manner (78 to 98 per cent.). In the case of milch 
cows, oil cakes generally act favourably upon the yield of 
milk, both as regards quantity and quality (percentage of fat). 

The cakes and meals which have to be considered in 
connection with the drying oils are (1) linseed cake and 
meal, (2) hempseed cake, (3) poppy cake, (4) sunflowerseed 
cake, (5) candle-nut cake — 

(1) Linseed cake and meal. — Linseed cake is an 
excellent food for calves and breeding cows ; it is too dear for 
ordinary use. It contains — 



10-13 per cent. 


of water. 


30-35 


proteins. 


9-13 


oil. 


26-30 


extractive matters free from nitrogen. 


7-10 


woody fibre. 


6-9 


ash. 



489 analyses of linseed cake gave an average as follows : — 

11*82 per cent, of water. 
28*70 „ proteins. 

10-74 „ oil. 

9*35 „ woody fibre. 

7*37 „ ash. 

42*13 „ carbohydrates. 



On the average, 86 per cent, of the proteins, 90 per cent, 
of the oil, and 8 per cent, of the extractive matter free from 
nitrogen were digestible. 

Linseed meal extracted by carbon bisulphide is not so 
readily eaten by cattle as linseed cake ; it contains only 2 to 
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.'» per cent, of oil. There is eold, under the name of 
linseed meal, a meal which has the same composition as 
linseed cake. Linseed cakes and meal are liable to 
various adulterations ; the adulterants are the most varied 
fodder refuse of small value, for example, damaged flour 
or meal, rice meal, beech-nut cake, unshelled earth-nut 
cake, etc. In examining linseed cake or meal, the 
natural impurities of linseed must be remembered, it 
contains always 3 to 8 per cent., and occasionally 50 per 
cent, of foreign seeds, principally seeds of the cruciferae, 
dotter, cereals, etc. 

(2) Hempseed cake. — This cake, the residue of hemp 
seed, which contains 30 to 36 per cent, of oil, is principally 
produced in the Baltic provinces of Eussia, more rarely 
in Germany ; only in the former district is the oil produced in 
considerable quantity. The cakes exported from Eussia are 
used almost exclusively in East and West Prussia ; they 
contain — 

8*0-12*0 percent, of water. 
25*0-33*5 „ proteins. 

4*3-10 „ oil. 

16*0-26*0 „ extractive matters free from nitrogen. 

23*0-26*0 „ woody fibre. 

5*0- 7*0 „ ash. 

Hempseed cakes are less valuable than other oil cakes in 
consequence of their high percentage of woody fibre, also 
in warm weather they readily deteriorate and turn mouldy. 
In Eastern Prussia they are used almost exclusively as food 
for horses and sheep. 

(3) Poppyseed cake. — The residues from poppyseed, 
which contains from 38 to 44 per cent, of oil, have hitherto 
found a restricted use in Germany as fodder ; they are more 
largely used in South and Middle Germany than in North 
Germany. The percentage composition is — 
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10*0-15*0 per cent, of water. 
2 8 -5-33 -5 „ proteins. 



6'6-14-0 


, oil. 


23 •0-29-0 


, extractive matters free from nitrogen. 


10-0-.13-0 


, woody fibre. 


6-0- 7-3 


, ash. 



The digestibility of poppyseed cake has not been investigated, 
but it may be assumed that the nutritive materials will 
be digested in a similar manner to the corresponding 
constituents of other oil cakes. Poppyseed cakes are said 
to make the animals sleepy and stupid, they are therefore 
more suitable for fattening than for milch cows; the milk 
readily acquires an unpleasant taste. 

(4) Sunflowerseed cake. — These cakes are also valuable 
as cattle food ; they contain — 

10*00 per cent, of water. 

36*55 „ crude proteins. 



10*50 

23*97 

9*25 

9*73 



crude fat. 

extractive matters free from nitrogen, 
woody fibre. 
' ash. 



90 per cent, of the proteins, 88 per cent, of the fat, and 
7 1 per cent, of the nitrogen - free extractive matters are 
digestible. 

(5) Candle-nut cake. — These are an extremely con- 
centrated food, they should be a valuable addition to rations 
poor in proteins ; they contain — 

7*22 per cent, of water. 
54*38 „ crude proteins. 

9*15 „ crude fat. 

15*61 „ extractive matters free from nitrogen. 

4*58 „ crude fibre. 

9*06 „ ash. 



(6) Walnut cake. — This contains — 

13*7 per cent, of water. 

34 6 „ crude proteins (31*1 per cent, digestible). 
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12 '5 per cent, of crude fat (11 "2 per cent, digestible). 
27*8 „ extractive matters free from nitrogen (28 '^2 

per cent, digestible). 

6*4 „ crude fibre. 

5*0 „ ash. 

(-7) Pumpkinseed cake contains — 

12*0 per- cent, of water. 

55*6 „ crude proteins (50*0 per cent, digestible). 

11*4 „ crude fat (10*3 per cent, digestible). 

8'0 „ extractive matters free from nitrogen (9*7 

per cent, digestible). 

4 "9 . „ crude fibre. 

S'l „ • ash. 



The Refining and Bleaching of the Drying OiLg 

It is easily comprehensible that the drying oils, as they 
are produced, whether obtained by expression or extraction, 
must contain a quantity of mechanically admixed impurities. 
The amount is greater in the former case than the latter, 
since in the "extraction process only substances soluble in the 
solvent are withdrawn, but in pressing, in consequence of the 
great pressure employed, other substances accompany the oil 
— colouring matters, gum, mucilage, and albumins. Freshly 
pressed oil is always turbid ; when left at rest for some time it 
deposits many of the mechanically admixed impurities. The* 
*oil then becomes clear, but still obstinately retains impurities, 
which become evident on heating, when they separate. The 
simplest method of purification is to leave the oil in a large 
tank to deposit the grosser impurities, then to filter (through a. 
suitable filter, of which there are many different constructions), 
and to bring the oil into the market in the resulting bright 
transparent condition. Nothing more can be demanded of 
commercial linseed oil than that it shall be pure and clear ; 
it is then sufficient for ordinary use in paints and for 
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boiling. The case is somewhat different with " tanked oil " 
and " varnish oil " for the manufacture of oil varnishes, which 
is not only required to be quite bright and free from foot, but 
also not to throw but a foot when heated to 270' C. 

• The substances which accompany expressed oil are gener- 
ally designated " mucilage." The nature of this mucilage has 
not yet been decided. Weger makes the following remarks 
concerning linseed oil mucilage : — In the manufacture of oil 
varnishes, " varnish linseed oil " is used ; by this term is under- 
stoad an oil which, when rapidly heated to 280° to 320° C, 
does not " break," i.e. does not separate any solid substances. If 
fresh raw linseed oil be tested by rapidly heating it in a test- 
tube, a turbidity generally appears at 250° C, and on further 
heating large flocks separate, which fill a considerable part of 
the tube. Ordinary commercial linseed oils (with tlie excep- 
tion of " varnish oil," which has undergone some chemical or 
mechanical treatment) almost always show this coagulation 
on rapid heating. It should be observed that much depends 
on the rapidity of the heating ; if the temperature rises slowly 
the separation does not always occur. The nature of the 
separated substance, whether mucilage, albumin, or something 
else, is as little known to-day as in Mulder's time; it is 
generally known as mucilage. It is often present in ab- 
solutely bright tanked oils. 

Mulder admits the possibility of the presence of mucilage 
and albumin in cold-pressed turbid oils alone ; this is incorrect" 
without doubt. If Mulder could find by his own method 
no mucilage or albumin in commercial linseed oil, he must 
accidentally have used an exceptionally good oil, or his methods 
for detecting these substances must have been unreliable. The 
quantity of mucilage is certainly small, for although in the 
test the tube often appears to be almost filled, very little is 
obtained on filtering. Mucilage is also present in other oils, 
e.g. rape oil, and separates on rapid heating. 
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It was and is yet often maintained that the mucilage 
affects the drying of linseed oil and makes it unsuitable for 
the manufacture of varnish. So far as tlie drying is con- 
cerned this is quite untrue. Already Mulder had said 
that linseed oil filtered through charcoal — which must 
extract even dissolved mucilage, since oil filtered through 
charcoal does not " break " on heating — dries as well or as 
badly as before. The contrary has since been repeatedly 
maintained, and Mulder's views have also been upheld. 
Weger has never been able to observe any difference between 
the drying of a clear mucilaginous linseed oil and of the 
same oil freed from mucilage ; the latter dries just as often 
a little better as a little worse. On the other hand, Weger 
heated a large quantity of oil, collected the mucilage on a 
filter, and freed it from oil as far as possible, but very incom- 
pletely, on a porous plate. The residual substance was a 
gelatinous transparent mass of yellowish colour, which became 
covered by a skin in a few days. When spread upon glass 
the mucilage dried not only as rapidly, but on the average 
a day sooner than the oil now free from mucilage. This 
might perhaps be due to a partial oxidation of the substance 
by long standing upon the filter ; however, the material did 
not appear sticky and thick when rubbed upon glass, but 
behaved like linseed oil. However that may be, it is decided 
that mucilage and mucilaginous linseed oil do not dry more 
slowly than oil free from mucilage. From the observations 
made during the experiments, it appears that the absorption 
of oxygen by the mucilage is smaller than by the oil. It 
should be observed that the refraction of such mucilage, still 
containing oil, as observed in Zeiss's butyrorefractometer, is 
77°*5, whilst the original oil showed 72°'4, both measin-ed at 
40° C. The mucilage is not removed by long standing, or at 
least not always, when no special treatment is associated with 
the storage. 
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One of the most important impurities in linseed oil is 
the fatty oil of mustard seed. This oil is almost always 
contained in linseed oil, in good qualities, however, in very 
inconsiderable amount. The seeds of the mustard and allied 
plants are already contained in the linseed used by the 
crushers, the expressed oil then naturally contains mustard 
oil. If the percentage of this oil is small it interferes little 
with its suitability for boiling; but if a large quantity be 
present the boiled oil loses its property of drying rapidly. A 
large proportion of mustard oil in linseed oil makes itself 
perceptible by tlie deposit of a yellowish foot when the oil 
is kept for several days in a moderately warm room (10" to 
12° C). The percentage of fatty mustard oil may be more 
accurately estimated by means of the elaidin test ; after 2 to 
3 days elaidin separates. Pure linseed oil does not solidify 
even after a longer time. 

In the manufacture of varnishes linseed oil free from 
mucilage, which does not " break " on heating, is used. It 
is obtained by a process of refining, or by tanking for a 
sufficiently long time. For tanking large open tanks are em- 
ployed, at a moderate temperature of at least 1 5 C. ; if it is 
in any way possible, sufficient quantities of air should be con- 
veyed to the oil by fans or blowing machines. This process 
is very slow and is often replaced by chemical or mechanical 
refining processes, followed by filtering. 

The essential' of all refining processes is to mix the oil as 
intimately as possible with the refining agent — acids, salts, 
etc. — so that all portions of the oil may come in continued 
contact with it. The same is the case in bleaching, where 
an intimate emulsion must be formed. It would overstep 
the limits of this book to describe in detail the mechanical 
mixing arrangements used. It must suffice here to say that 
they are very varied and may be classified as follows : — 

(1) Stirrers, in which the stirring arm is attached to a 
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horizontal or vertical axis, moved by power, and thus accom- 
plishing the mixture of the oil with solids or liquids. 

(2) Apparatus, in which air is blown into the oil or 
drawn through it, by either of which means an intimate 
mixture is produced. The process is much more efficient 
than with mechanical stirrers, and the air also exerts a 
bleaching action, due to oxidation, which can only be an 
advantage in the case of a drying oil intended for painting 
purposes. 

(3) Centrifugal emulsifiers, which have found little em- 
ployment up to the present, but are capable of replacing 
all other mixing apparatus. The advantages of centrifugal 
emulsifiers are uninterrupted working, great capacity with 
small expenditure of power, the small space required, saving 
in refining materials, better quality of oil, and the possibility 
of using freshly expressed oils. 

The various processes of refining are accomplished by the 
use of dilute acids, salt solutions, substances in the form of 
powder, such as magnesia, other metallic compounds, and 
earths. The drawbacks of the processes in which aqueous 
liquids are used, are principally the difficulty of separating 
(as a rule) the two liquids, and the loss which occurs owing 
to the formation of emulsions. When the separation of the 
two layers is complete after rather long standing, there re- 
mains between the oil and the liquid used for refining an 
emulsified layer which separates wdth difficulty, so that 
loss of oil occasionally makes the process somewhat costly. 
Alkaline liquids are to be avoided in refining, they saponify 
the oils and make necessary an addition of acid to bring 
about separation. Eefining with acids, zinc chloride, etc., 
effects a decomposition or carbonisation of the organic matters 
suspended in the oil ; refining by means of solids, such as 
magnesia, fuller's earth, and powdered mineral substances, 
produces only a mechanical purification ; these heavy bodies 
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in settling to the bottom drag with them the particles 
suspended in the oil. 

All oils which are refined by acids or chemicals in 
aqueous solution, require careful washing with water until 
they are quite neutral, otherwise difficulties will occur in the 
subsequent use of the oils. 

Refining with sulphuric acid. — According to Wasl, 1 
kilo, of oil of vitriol is used to 400 to 500 kilos, of linseed oil ; 
it is added in a very thin stream under constant stirring. After 
long mixing, boiling water, equal to one-third of the weight 
of the oil, is added, the whole well mixed and allowed to 
settle. After completely separating the acid liquid from the 
still turbid oil, the latter is drawn off into another vessel, 
and 3 per cent, of dry powdered common salt is added. The 
salt withdraws the water still contained in the oil and settles 
to the bottom on account of its greater specific gravity ; the 
oil is then filtered through bags containing wheat bran. 
When these filters have been used they are pressed, the 
oily bran used as fodder, and the bags cleaned by boiling 
with alkali. 

In another process, after the oil has been thoroughly 
treated with sulphuric acid, it is not immediately mixed with 
water, but is allowed to stand 12 to 15 hours. After this 
time the oil can be drawn off clear and pure, whilst the 
slime remains thick and fast at the bottom. The oil is then 
treated with a boiling 5 per cent, solution of common salt for 
several hours until a slight white foam appears on the surface, 
when the oil is drawn ofif and filtered. 

Wilke uses 3 parts (by weight) of sulphuric acid to 
400 parts of oil, which is treated with the acid for 5 
hours; 3 parts of clay, 7 parts of quicklime, and finally 
1000 parts of water are added and mixed with the oil for 
3 hours at 100° C. In Logan's process 5 parts of strong 
sulphuric acid, diluted with 5 parts of water, are used to 
9 
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400 parts of oil; the acid is added in small quantities and 
the mixture kept in constant motion for several hours. It is 
then allowed to settle and steam led in, finally the oil is 
left at rest to brighten. 

In place of sulphuric acid, zinc chloride solution may be 
used in the proportion of 1 to 1 5 ; it exerts the same action 
oh the oil without possessing the disadvantages of the acid. 

The refining of. linseed oil by means of ozone. — Accord- 
-ing to Engleduc, linseed oil can be advantageously refined by 
means of ozone. The oil is freed from moisture and muci- 
lage, which would otherwise be accomplished, at the cost of 
the colour of the oil, by heating or by very long standing. 
In the ozone process the valuable properties of linseed oil are 
entirely retained, whilst the oil gains but little in viscosity. 
The process is complete in 2 to 3 hours. Besides the 
apparatus which produces the ozone, there is required only 
a shallow steam pan to contain the oil ; it is provided with 
a tinned perforated coil through which the ozonised air is 
introduced, it then rises in bubbles through the oil. In 
the preparation of " boiled " oil various driers are dissolved 
in the raw oil and the mixture treated with ozone in a 
separate apparatus at a certain temperature for 3 hours. 
The oil obtained possesses in a high degree the properties 
of an ideal drying oil — rapid drying, consistence, hardness, 
elasticity, and pale colour. - The temperature required is 
low, and thus no loss occurs.. 

According to another account, linseed oil is heated to the 
required temperature in a steam pan, into which open pipes 
for the introduction of ozonised air. The oil loses its 
water and all other impurities, retains its properties, and 
thickens readily. The air to be ozonised is pumped through 
\Si drying chamber, in which are shelves covered with quick- 
lime. It is then conducted through the ozoniser and com- 
pressed into a strong iron reservoir, from which it is divided 



REFINING 131 

amongst the various refining apparatus. In order to refine 
1 ton of linseed oil, 310 to 315 cubic metres of ozonised air 
are required on the average. According to Lewkowitsch, this 
volume of air can be ozonised by means of Yarnold's ozoniser 
at' a cost of about Is. 8d. In small works, which treat about 
5 tons of oil per day, the cost of refining would not exceed 
7s. 6d. per ton. The advantages of the process are decrease 
of waste, rapid refining, production of a faultless product, and 
exclusion of danger, of fire. 

The refining: of. linseed oil by means of calcium 
carbide. — According to the patented process of de la Eoche 
an ordinary mixing apparatus is used ; when this has been 
filled with the oil, 10 per cent, of powdered calcium carbide 
is added and the stirrer kept in motion for 1 hour. Amid 
an evolution of acetylene the oil is converted into a greenish 
mixture in consequence of the changes caused by the free 
lime produced. As soon as the exhaustion of the moisture 
causes a cessation of the evolution of acetylene, the oil is 
allowed to settle and decanted or filtered through filter- 
presses from the deposit. The oil obtained is almost colour- 
less, clear, bright, and entirely free from water and acid. It 
is boiled in the ordinary manner, with an addition of 3 to 
5 per cent, of lead or manganese compounds. The cakes 
taken from the filter-presses still contain undecomposed car- 
bide ; they can be used to produce acetylene to light the 
works. The water added  for this purpose contains some 
caustic alkali, which saponifies the oil enclosing the particles 
of carbide. By this- method of utilising the press cakes the 
cost of the process of refining is diminished. 

Wet process for clearing linseed oil.— Direct steam 
is passed for 1 to 2 hours through a mixture of equal 
parts of raw linseed oil and hot water. The oil is then 
allowed to stand until separation occurs. The water collects 
at the bottom, the clear oil floats above, whilst the precipitate 
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forms a white layer between the two liquids. After standing 
5 days the clear upper layer of oil is drawn off, brought 
into a pan, and heated for 2 hours at 220° F,, to drive off 
water. Many manufacturers add • 1 per cent, 'of sulphuric 
acid, to the water used in this process, the oil is then bleached 
and clears somewhat more rapidly. Also, by the addition of 
a few pounds of Fuller's earth or lead sulphate, the colouring 
matter, as it settles, takes with it the albumins from the oil, 
and thus accelerates the process. The foots can be sold to 
putty makers, who buy them on account of their low price. 
The clear oil produced by. this wet process is distinguished by a 
very pale colour ; it approximates to oil purified: by magnesia. 
In case the cost of the process is not the first consideration, 
especially fine oil can be obtained by first bleaching the oil 
in the presence of acid by the wet process, and -then refining 
by means of magnesia. 

Refining by means of cellulose. — If linseed oil is 
allowed to stand undisturbed in a glass cylinder from 2 to 
3 months, water deposits first, then a somewhat thicker 
layer separates, voluminous; flocculent, and heavy ; this is the 
substance called "mucilage." At the ordinary temperature 
about a week is required for the deposition of the water, and 
3 months for the mucilage ; in a year all the insoluble con- 
stituents have settled, inclusive of coagulum and globulins ; 
pure linseed oil remains above the deposit. The specific 
gravity of the globulins is, however, so near to that of linseed 
oil that the least rise in temperature causes their partial or 
complete re-solution. Endeavours to filter linseed oil through 
thick paper are without result, since the mucilage, globulins, 
and coagulum are soluble in the oil, and simply filter through. 
If 60 kilos., of freshly expressed linseed oil, as it comes from 
the press, be mixed with about 0*5 kilo. of. neutralised cellulose, 
and a test portion withdrawn after stirring for about 15 
minutes, it will be seen that the cellulose is gradually absorbed 
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by the oil, and the mixture, instead of being turbid, is trans- 
parent and clear. It appears as if the cellulose were dis- 
solved by the oil ; the molecules of the cellulose are, however, 
only mechanically mixed with the oil, forming a transparent 
varnish-like mass. If the mixture be allowed to stand pome 
moments the cellulose is reprecipitated, and, what is most 
important for our purpose, brings down with it the mucilage, 
globulins, coagulum, and water. This process requires about 
12 hours. In order to work profitably a filter-press must be 
used to separate the oil from the cellulose. In this appar- 
atus a gradual separation takes place, the cellulose and the 
impurities of the oil forming a cake, whilst the purified oil 
leaves the presa<j clear and bright. For this purpose the 
cellulose must be absolutely neutral and free from resins 
and fats. It must iave ^^le^ . prepared by the most careful 
washing and purification ; if it contains only a trace of resin 
or fat it will dissolve in the oil and make it still more turbid. 

Nordlinger's refining process. — Nordlinger avoids the 
disadvantages of ordinary refining processes and the use of 
mechanical methods by treating the oils with solutions in oils 
of certain reagents — in particular, the solutions of certain 
salts of the fatty and resin acids, benzoic acid and its homo- 
logues. So far as .it is at present known, the solubility of 
the salts of the fatty acids in vegetable oils increases with 
the increasing molecular weight of the fatty acids. From 
butyric acid upwards the salts generally dissolve in 10 to 20 
parts of vegetable oil at temperatures of 100"" to 200° C. 
In regard to the solubility, the composition of the vegetable 
oil is of little importance ; the salts in question dissolve to 
an equal extent in linseed, sesame, poppy seed, rapeseed, cedar- 
nut, cottonseed, etc., oils. 

The 5 to 10 per cent, solutions of the alkaline salts of 
the fatty acids containing more than 4 carbon atoms, are 
at the ordinary temperature more or less thick viscous liquids, 
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which, however, do not form any solid deposit (the correspond- 
ing salts of oleic, abietic, and sylvic acids and their homologues 
behave in the same manner). The solutions of the metallic 
salts of these acids in oils are, at the ordinary temperature, 
similar in consistence to lard, or a portion of the salt dissolved 
at the higher temperature has again crystallised out. Solu- 
tions of 5 to 1 per cent, strength of the zinc, cadmium, iron, 
copper, manganese, and lead salts of each of these acids are 
clear at 40° C, or at most at 1 0° C, the nature of the vegetable 
oil used as solvent being unimportant. The lime, magnesia, 
baryta, and alumina salts also dissolve in vegetable oils, but 
do not possess in the same degree the peculiar property of 
the salts of the heavy metals of precipitating the mucilage. 

If small quantities, 5 to 10 per cent., of the solutions in 
oils. of the heavy metal salts of the acids mentioned be added 
to ordinary vegetable oils a clear solution is at first formed ; 
after some time the mixture becomes turbid, especially if air 
has access, and the mucilage is gradually precipitated in 
combination with the previously dissolved metallic salts in 
fine flocks, more or less coloured. According td Nordlinger s 
view, a chemical decomposition does not take place, but the 
particles of mucilage are apparently weighted down by the 
metallic compound and caused to separate, as is also the case 
with certain colouring matters. The turbid oils are freed 
from the turbidity by filtration or settling whilst warm. 

The process is now as follows : — The salts of the heavy 
metals (iron, manganese, lead, copper, zinc, etc.), with the 
higher fatty acids, the substituted fatty acids, benzoic acid, 
etc., are dissolved by heating to about 150° C. in about 10 to 
20 times their weight of vegetable or rosin oil. The solution 
is slowly cooled and the clear liquid drawn off from the 
deposited insoluble portions while still warm (50° to 80° C). 
Such solutions, called " refining oils," are as follows r 5 per 
cent, solution of zinc oleate in cottonseed oil, 10 per cent. 
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solutions of lead oleate or of iron stearate in sesame oil, or of 
iron or manganese resinate in linseed oil. 

The " refining oil," if not clear and fluid at the ordinary 
temperature, is liquefied by gently heating, and mixed with 
10 to 20 or even 30 times its weight of the vegetable oil to 
be refined. A clear solution is formed, which, after standing 
some time, becomes turbid, especially if exposed to the air. 
The impurities deposit together with the metallic salts, and 
are then removed. Ferric manganese resinate is used for 
refining linseed oil. 

Centrifugal emulsifieris for refining. — The process 
for refining oil by means of the centrifugal emulsifier consists 
in passing it continuously through a system of emulsifiers and 
separators, and in this manner subjecting it to the action of 
chemicals and to the necessary washings. The combination of 
one emulsifier and one separator forms a " washing element." 
In cases in which the emulsion separates so readily that no 
centrifugal separator is required, a Florentine receiver is 
substituted. The number of elements which are combined in 
a battery depends on the number of washings required. As 
a rule the emulsion flows directly from the emulsifier to the 
separator, since the reaction between the fluid or dissolved 
refining agent and the constituents of the oil to be removed 
takes place immediately, in consequence of the extremely 
intimate contact. If, in isolated cases, a longer action be 
desired, two tanks are introduced into the series to take the 
mixture in turn. For example, if the mixture is to stand 
24 hours, the tanks must be made so large that each can 
take a day's product. Whilst the emulsion is allowed to run 
into one tank, the mixture from the other tank, made on 
the previous day, is treated in the separator. The proportions 
of the mixture are regulated either by suitably throttling the 
outflow openings of the two-chambered supply vessel by 
means of conical regulating valves, or, in large installations. 
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of the vessel. If h represents the height of the flask from the 
edge to the entrance to the pipe (Fig. 16), a; the distance from 
the orifice to the upper edge of the flask, y the height of the 
lighter liquid, s its specific gravity, and s^ the specific gravity 
of the heavier liquid, then 

«y + (^ - y)h = (h- ^>i, 

or, 7j = -'-. 

Thus, the specific gravities being known, y varies as x. The 
distance x can be so adjusted that the apparatus gives the 
greatest possible separation. When y = h,x is a maximum, 
therefore — 

X (max.) = - ^ . 

h 

If now X were made still larger, oil would escape with 
the heavier liquid by the side tube. If x were made too 
small, the emulsion would frequently not have time to 
separate, and a mixture of oil with the heavier liquid would 
flow over the edge. The distance y must accordingly be 
approximately calculated for each pair of liquids, oil and 
refining reagent, from their specific gravities, and afterwards 
so adjusted that the best effect is obtained in working. The 
position of the layer of contact in the separator, correspond- 
ing to the distance y, is independent of the proportions of 
the two liquids in the mixture. 

But also when the apparatus has been properly adjusted 
it may happen that the emulsion do^s not properly separate. 
Especially when fatty oils are being washed by alkaline 
solutions, large quantities of oil frequently remain suspended 
in the liquid. There is a class of emulsions, which Eckenberg 
designates " critical," which not only pass through the 
separator unseparated, but, on the contrary, become still more 
stable. In such cases, by altering the concentration of the 
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washing fluid or by working with warm liquids, more satis- 
factory results are generally obtained. A moderate addition 
of common salt or Glauber's salt is often of assistance, but 
the proportion of salt in the water should not be increased 
to such an extent that the soaps, which are being removed, 
are salted out. Thus a battery arranged for one oil cannot be 
used for another without adjustment of the conditions. In 
order to obtain the fatty acids and small quantities of oil con- 
tained in the wash waters, the latter are acidified, when the oil 
rises to the surface. The small quantities of oil which remain 
as emulsions in washing with water or dilute acids may also 
be recovered by one of the methods described by Eckenberg. 

The emulsifier itself consists essentially of two flat plates 
of peculiar shape, placed opposite one another, with double 
rims ground perfectly plane, which slide one into the other. 
The lower plate is rigidly connected to the vertical shaft, 
which is prolonged beyond the upper surface of the plate, the 
prolongation having a conical boring narrowing above. The 
tube formed in this way conducts the fluids into the apparatus. 
For this purpose, immediately above the lower plate, with 
which it forms one piece, it is provided with two outflow 
openings, through whiqb the liquids reach the space between 
the wide plates. On the exterior of this tube a screw thread 
is cut, upon which the upper plate is laid and then fastened 
down by two nuts. Three micrometer screws are placed in 
the rim of the upper plate, which enable the distance 
between the plates to be accurately and easily adjusted to 
any measurement. The axis is driven by means of a small 
turbine which is suitable for experiments on the small scale, 
but in working on the large scale it is driven by a rope. It 
runs at about 7000 revolutions per minute. 

The plates of the emulsifier are surrounded by a fixed 
casing, the inner surface of which is covered with sheet lead. 
It catches the liquids mixed into an emulsion and conducts 
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them away by means of a pipe to a tank or direct to a 
separator. Upon the cover of the casing is fixed a cylindrical 
vessel, open above, and divided into two chambers by a 
vertical partition. Into these divisions flow the liquids wliich 
are to be mixed, each division is provided with an outflow 
controlled by a valve, from which the liquids reach a 
common pipe opening into the upper open end of the 
emulsifier. By means of the valves the proportions of the 
two liquids are accurately regulated. To facilitate the 
adjustment, the spindles of both valves are provided with a 
scale divided from to 100. In order to maintain a constant 
level, and therefore a constant outflow, both divisions are 
provided with floats. 

When once set in proper working order the apparatus 
works continuously. Before the commencement, the time 
required for both liquids to run through the apparatus, which 
depends on the viscosity, must be found once for all by a 
preliminary experiment, which can readily be done by means 
of the cover of the emulsifier. This cover carries, as has 
been said, a vessel divided into two equal chambers by a 
vertical partition, each chamber having an outflow provided with 
a regulator. Both regulators must be arranged so that the 
two liquids pass through in exactly the proper proportions ; 
this can readily be done by a few experiments. When the 
position has once been found the apparatus can be worked 
continuously, and need only be stopped when oils of consider- 
ably different viscosity are to be treated. In order that the 
emulsifier may be used conveniently in the oil industry, it 
must generally be combined with a separator, which is able 
in a brief time to part the otherwise stable emulsions ; this is 
especially necessary when alkaline or neutral liquids are used. 

The separator of de Laval may be used with advantage 
when oils rise so slowly out of emulsions that the ordinary 
arrangement, on the principle of the Florentine flask, consist- 
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ing of a wooden tub with a separating pipe, cannot well be used. 

[(. This separator is made in different sizes, with a capacity of 
300 to 2000 litres per hour. 

Extraction of the oil left in refining powders. — 
When oils are bleached and refined by substances in the form 
of powder, such as Fuller's earth, etc., the latter retain a 
considerable quantity of oil, up to 40 per cent. It is very 
difiBcult to re-obtain this oil, since the use of benzine, etc., is 
attended with danger of fire ; the treatment with hot water is 
very tedious, and only partially effective. However, the oil 
may be completely separated by treating the refining powder 
under pressure at a high temperature, say 180° C. The oil 
then separates completely from the powder, which is at the 
same time purified and made again useable. A partial 
saponification in this process is of no practical importance, 
since the oil obtained can only be used by soap makers. By 
this means the oil is regained to fractions of a per cent. 

The Bleaching of Linseed Oil 

The requirements of the buyers (dealers and consumers) 
of all chemico-technical products continually become more 
exacting. The demand for a colourless or almost colourless 
linseed oil becomes greater and greater. The only substantial 
reason for the use of bleached oil is that paints ground in 
such an oil show a pure white colour, which pleases the eye 
of the buyer. However, the yellow or yellowish colour of 
linseed oil has no influence upon the pure white shade of 
a dried coating of zinc white, white lead, or permanent white, 
for with the drying of the paint the linseed oil (raw or 
boiled) bleaches so completely that not even the least 
shading of the white is to be observed. At the same 
time, there is also the advantage that a pure oil may be 
used, unaltered by the action of bleaching agents^ which is 
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generally not the case with paint oils bleached artificially and 
not by the simple action of light. However, buyers de- 
mand bleached oil, and consideration must be given to the 
demand. 

The bleaching agents at our disposal are numerous, they 
do not all produce equally favourable results, and they also 
vary in their action upon the oil. In addition to light, which 
produces t^e most complete and finest bleaching of linseed 
oil, the following substances are used as bleaching agents : — 

Chlorine or chloride of lime. 
Potassium bichromate. . 
Potassium permanganate. 
Hydrogen peroxide. 
Sodium peroxide. 
Sulphurous acid. 
Sodium hyposulphite. 

Other bleaching agents have also been proposed, which, how- 
ever, do not give a good result. 

Bleaching by means of air produces the best result ; 
the linseed oil is least altered, it is somewhat thickened and 
becomes rancid, but the process is very lengthy and demands 
an exposure of months. The ^ best process is as follows : 
100 parts (by weight) of linseed oil are washed with 100 
parts of water and 2 parts of strong hydrochloric acid in 
a vessel of suitable size, of wood or iron coated with lead, 
which possesses a tap at the height of the level of the 
water. The mixture is well stirred for 24 hours, it is then 
allowed to rest until the oil has separated and become com- 
pletely clear, when it is drawn off, the water removed, and 
the oil brought back into the vessel, where it is thoroughly 
washed with water and then again allowed to clear. This 
purified oil is much more suitable for bleaching than oil 
which has not been treated. It is brought into shallow 
wooden tanks lined with sheet zinc or lead ; the depth of the 
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oil should not exceed 10 cms. These tanks must be placed 
in some position where the sun can shine upon them during 
the whole day. The best position is on a flat roof under a 
- glass cover, so that rain, dew, and dust cannot fall into the 
oil. Such an arrangement is naturally not cheap, and can 
only be profitable when a large quantity of bleached oil is 
produced. With favourable weather it may be assumed 
that the oil will be completely bleached and white in 4 
weeks. 

The common practice of exposing oil in round glass 
bottles, indeed produces the same result, but after a very 
long time, months, or even a year, if the light is insufficient, 
may pass before a proper result is obtained. But also in this 
case, if the oil be. exposed in thin layers to the action of 
light, it is bleached colourless in a much shorter time. This 
exposure in thin layers is possible if flat glass bottles are 
used to contain the oil ; they can always be obtained. For 
experience has shown that, in order to obtain powerful 
bleaching action, the liquid to be bleached must not simply 
be exposed to the direct rays of the sun, but that the 
layers should be so placed that the rays must pass through 
them. If the oil be exposed in quite thin layers under 
glass to the action of light, a very appreciable loss of 
colour can be observed even after several days. 

Bleaching by means of sodium peroxide is ac- 
complished by thoroughly working a solution of 5 parts in 
100 parts of water with 100 parts of oil (by weight) at 
a temperature of 25° to 30° C. for at least 2 days. The 
oil is allowed to separate ; it is well washed, first with hot, 
then with cold water. The method does not give particularly 
good results. 

Another process is as follows : — In a lead or copper 
vessel, provided with a good stirring apparatus, 200 kilos, 
of raw linseed oil, at a temperature not exceeding 21° C, 
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are slowly mixed with 0*5 kilo, of sulphuric acid (specific 
gravity, 1*75), whilst stirring. After well mixing, which 
requires about 15 minutes, 0*5 kilo, of sodium peroxide 
is very slowly added. The addition should last at least 
60 minutes, and the stirrer should be kept in rapid 
motion. 'When all has been added, stirring is continued 
for at least 12 hours, the oil allowed to stand, and when 
clear washed first with warm and finally with boiling 
water. 

Bleaching by means of chlorine. — This bleaching 
agent gives, after light, the best results, it is also the 
cheapest, and the bleached oil can very readily be washed 
and obtained completely neutral, since only salts soluble in 
water are present. In bleaching with chlorine, 5 parts 
(by weight) of bleaching powder (as fresh as possible) are 
well mixed with 20 parts of water, then 0*5 part of soda 
(carbonate) is added, and the solution filtered so that it is 
quite clear. Next, 25 kilos, of linseed oil, 500 grms. of 
strong hydrochloric acid, and 5 kilos, of water are well 
mixed for 1 to 2 hours, and the filtered bleaching powder 
solution added. The two liquids are repeatedly stirred 
thoroughly together during 5 to 6 hours, when the 
mixture is allowed to rest, the clear oil drawn off and 
repeatedly washed with clean water. The oil is almost 
colourless and must have a perfectly neutral reaction. It 
is absolutely necessary to prepare the clear solution of 
bleaching powder, for if an unfiltered solution were used 
the oil would be partially saponified, and would then be 
regained only by a very complicated process. The method 
of bleaching by means of hydrochloric acid and pyrolusite, 
which produce free chloriae, is impracticable, since the 
pyrolusite, on account of its insolubility, is never com- 
pletely used up, so that large quantities would be required 
to produce any considerable bleaching action. 
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Bleaching by means of hydrogen peroxide. — Pure 
hydrogen peroxide is a syrupy liquid, colourless, and quite 
transparent, with an unpleasant bitter and biting taste ; 
when brought upon the skin it produces violent irritation 
and white spots. The commercial substance contains about 
IJ volumes of available oxygen, corresponding to about 
0*5 per cent, of HgOg. To preserve it, hydrochloric or 
sulphuric acid is added, to which regard must be had in 
certain cases. 

In order to bleach linseed oil by means of hydrogen 
peroxide, it is mixed with 5 per cent, of the solution and then 
with sufficient ammonia to produce a distinct smell of that 
substance. Without the addition of ammonia or alkalis 
the action of hydrogen peroxide may be protracted for 
several days, without any . visible action upon the oil. 
There is no difficulty in brightening the oil, and loss due 
to emulsions is not to be feared, as is the case in so 
many bleaching methods. The process must thus be 
regarded as very convenient. 

Bleaching by means of potassium permanganate. — 
Potassium permanganate is a very powerful bleaching agent ; 
it possesses the advantage of not spoiling the oil in any 
way, butj on the contrary, makes it dry more rapidly. The 
process is very simple, and if the correct proportions are 
observed the formation of emulsions is small. A solution of 
16 parts (by weight) of potassium permanganate in 32 parts 
of water is prepared, 5 parts (by weight) of this solution 
are mixed with 100 parts of linseed oil; 25 parts of water 
and 1 part of strong hydrochloric acid are then added and 
the whole well stirred. The mixture must be stirred 
up repeatedly during 24 hours, and left at rest when 
all violet or brown coloration has disappeared and the 
mixture has become yellow. After several days the oil 
will have entirely separated from the bleaching liquid, it 

lO 
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is then drawn off. The oil is almost colourless; when 
necessary, it can be again subjected to the bleaching pro- 
cess in order to make it quite colourless. 

Bleaching by means of potassium bichromate. — 

Linseed oil is bleached by means of potassium bichromate 
in a wooden tub, in which it is heated by direct steam to 
31° to 32° C. A solution of 3 per cent, of potassium bichrom- 
ate, dissolved in 5 times its quantity of water, is run in 
and the mixture well stirred by means of a stirrer, after 
the addition of strong hydrochloric acid equal in quantity to 
1 per cent, of the oil. The decolorisation begins quickly, 
and is complete in 10 to 15 minutes. The oil is left 
at rest for a long time, in order that the aqueous solution 
of potassium and chromium chlorides may settle. This 
solution is drawn off by means of a tap, with which the 
vessel is provided, and the oil washed with hot water to 
remove the chromium salts and any hydrochloric acid which 
may be present. The oil is again left at rest, and when 
clear is drawn off Sodium bichromate may well be used 
in place of the potassium salt ; it is cheaper and also more 
easily soluble in water, so that the bleaching solution need 
not be used boiling, as must be the case with potassium bi- 
chromate. 

Bleaching by means of ozone. — The linseed oil to be 
bleached is brought in contact with ozone in shallow boxes, 
which are best lined with sheet lead, and through which air 
richly charged with ozone is allowed to pass. The ozonised 
air may also be aspirated through the oil, which is to be 
thickened and bleached, in tall, narrow vessels, and the oil 
then exposed to the action of light and air in shallow vessels 
for several days. When treated in this manner linseed oil 
bleaches in a few days, at the same time absorbing so much 
oxygen in the short period that it thickens to a viscous oiL. 



CHAPTER IV 

THE MANUFACTURE OF BOILED OIL — THE PREPARA- 
TION OF DRYING OILS FOR USE IN THE GRINDING 
OF PAINTS AND ARTISTS* COLOURS AND IN THE 
MANUFACTURE OF VARNISHES, BY HEATING (BOIL- 
ING) OVER A FIRE OR BY STEAM, BY THE COLD 
PROCESS, BY THE ACTION OF AIR, AND BY MEANS 
OF THE ELECTRIC CURRENT 

The use of drying oils, especially of linseed, poppy, and 
walnut oils, in conjunction with a pigment, either with or 
without substances which increase the drying power of the 
oil, is of comparatively ancient date. The discovery that 
linseed oil could be converted into a " varnish " by means of 
litharge, is attributed to an Augustine monk. In books 
of the end of the sixteenth century we find directions for 
preparing a good drying " varnish " by means of red lead, 
litharge, ' bread, garlic, etc. These ancient boiled oils were 
thick and dark brown and had a strong smell, since, in order 
to make a good " varnish," the oil had to be heated for a long 
^ time and with a large quantity of drier. Such boiled oils 
have lasted almost to the present time; twenty years ago 
! there were consumers who regarded boiled oil as good only 

i when it possessed the properties mentioned above. These 

boiled oils were made in a very primitive manner: for 
ordinary use they were generally made by heating the oil 
up to a high temperature, yet not so high that decomposi- 
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tion occurred. Pieces of bread and onions were then thrown 
in, which were allowed to become thoroughly brown, wlien they 
were eaten with relish. The driers were next added, and 
the oil heated up to over 300° C. Others added the driers 
when heating was commenced, tied up in a linen bag, which 
was hung in the oil, so that only oxygen could pass into the 
oil. Others, again, added the driers in very small quantities 
whilst the oil was being heated, allowing each portion to 
" dissolve " before more wfes added. The vessels in which 
the oil was boiled differed as much in shape as in size. Some 
believed that the heated oil must present a large surface to the 
air, and therefore used wide shallow vessels. Others boiled in 
deep pans and stills, so that no air could enter to the oil. 

At the present time all this has been changed ; the 
manufacture of boiled oil, which was formerly carried on by 
the consumers, — artists and painters, — is now in the hands 
of manufacturers, who concern themselves exclusively with 
it or combine it with the production of the oil, the manu- 
facture of paints or of varnishes. As a rule the apparatus 
employed corresponds with the present condition of tech- 
nology, but in many cases boiled oil is still made by the 
older processes. 

The drying oils, as they are obtained by expression 
or extraction, do not quite answer to the demands made 
of an oil to be used in conjunction with pigments. For 
although they do dry without any additions, and rela- 
tively more quickly in combination with certain pigments 
(white lead, red lead), yet the duration of drying is much 
too long. 



T linseed oil requires 


3-7 days. 


Poppy „ . . . 


2-5 „ 


Walnut „ . . 


. 2-5 „ 


Candle-nut „ . . . . 


. 1-2 „ 


Chinese wood oil requires 


. 3-1 „ 
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The oils have therefore to be subjected to certain pro- 
cesses of preparation, which are — 

(1) Heating to a more or less high temperature with 
certain substance (metallic oxides). 

(2) Blowing air through the oil. 

(3) The electric current or ozone is allowed to act on 
the oiL 

The older views, upon the manner in which driers acted 
upon drying oils, were essentially that a certain quantity of 
oxygen must combine with the oil, which oxygen originated 
in metallic oxides decomposed in the hot oil, or in atmospheric 
air or pure oxygen ; thus that oxygen must be absorbed in 
order to increase the drying power. According to Mulder, 
for the formation of boiled oil " a high temperature and the 
addition of oxygen, whether obtained by the action of air or 
by the reduction of added metallic oxides rich in oxygen, are 
absolutely necessary." In accordance with these views, the 
preparation of boiled oil produces the following changes : — 

" (1) A portion of the linolic acid and other fatty acids of 
linseed oil is set free. 

"(2) In the presence of bases, the fatty acids form 
salts. 

" (3) The formation of the anhydride of linolic acid is 
effected or initiated. 

" (4) Two or three of these processes take place at the 
same time. 

" Without any treatment, every drying oil produces, 
though slowly, the leathery linoxyn and free fatty acids, 
which are always formed in the preparation of the oil in 
larger or smaller quantity, according to the duration of the 
boiling." 

Such was the condition in which our knowledge of the 
formation of boiled oil was left by Mulder's researches. It 
was thought that boiled oil could not be made without 



150 DRYING OILS 

adhering to the above principles. These principles were 
advanced in the author's previous work on this subject. 
Since then there has been a great change in our knowledge ; 
by various researches it has been shown that the preparation 
of the drying oils, in order to impart to them great drying 
power, does not depend upon the addition of oxygen in any 
manner, but on the introduction of such substances as are 
capable " of absorbing oxygen from the air, and of transferring 
this oxygen to the linked oil when it is spread out in a thin 
layer" so that the oil uses the oxygen of the air for its own 
oxidation. This absorption of oxygen from the air by the 
substance contained in the oil, and its transference to the oil, 
proceed until the coating is quite dry (in thicker layers until 
very viscid). Full details of the researches on this subject 
have been given in Chapter I. ; the results are mentioned 
here since they are absolutely necessary to a general under- 
standing of the subject. 

The methods employed in the practical preparation of 
boiled oil had been actually based upon this principle before 
it was proved. Many years ago a good drying linseed oil 
was made by the addition of liquid driers to raw Unseed oil, 
without the application of heat ; the product was not, how- 
ever, regarded as equal to boiled linseed oil. With the 
introduction of the metallic resinates a further advance 
was made ; they were long used in the preparation of 
boiled oil, without the application of heat or at a very 
moderate temperature, before it was made certain by scientific 
research that drying takes place simply through the transfer- 
ence of oxygen. 

According to Fehr, the alterations which linseed oil 
undergoes in boiling are loss of mucilage and initiation of 
the oxidation. 

(1) The loss of mucilage is regarded by Fehr as the most 
important result of boiling oil. In this connection he says : 
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" If a small quantity (a pinch) of litharge be introduced into 
linseed oil containing mucilage, the mixture frequently 
shaken and left at rest for several days for the oil to 
brighten, there will be found upon the bottom of the vessel, 
in addition to the uncombined oxide, a slimy deposit, which 
consists of the mixture of gum and albumin, generally termed 
mucilage. The latter forms the great impediment to the 
drying, or more properly, the hardening, of linseed oil, so 
that the quality of the oil depends on the larger or smaller 
quantity of this mucilage. The mucilage is a soft mass, 
soluble in oil, which, when present in large amount in linseed 
oil, makes it thick and viscous. The first requirement which 
should be demanded of boiled oil is that it should be suffici- 
ently fluid, so that in this respect it stands between raw 
and refined oil. The clear liquid above the deposit, although 
not quite free from mucilage, has still lost a considerable 
proportion. It will be found to have become considerably 
more fluid, and hence that it will dry more quickly than the 
raw oil." 

The mucilage may also be more successfully removed 
by other metallic oxides, but the removal is more rapidly 
and completely accomplished by the action of heat, on which 
account the oil is " boiled," as it is falsely expressed, in 
the manufacture. This description is false, since the boiling 
point of linseed oil lies above 300° C. ; the formation of 
bubbles in the oil, which is erroneously regarded as boiling, 
begins at 100° C, and is only a result of the evaporation of 
the water in the oil. 

What is then the action of heat alone and of litharge 
when linseed oil is heated ? As has been said, the evapora- 
tion of water commences at 100° C. If the temperature be 
further raised, at about 150° C. the yellow colouring matter 
begins to burn, and is completely destroyed at 180° C, when 
the oil is decolorised and has acquired a pale greenish-yellow 
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colour ; at this temperature the consistency has not changed. 
The alteration does not commence below 300° C, thus it occurs 
simultaneously with the formation of vapour, i.e. the decom- 
position of the oil into its constituents. As is the case with 
wood, the hydrogen here also burns more rapidly than the 
carbon, the oil becomes richer in carbon, turns brown, thickens, 
and acquires greater drying power. The vapours evolved are 
principally hydrocarbons ; they readily ignite. In boiling 
linseed oil which is intended for use in paints, the boiling 
point of the oil should never be reached, in order that 
the oil may not thicken, which, apart from other dis- 
advantages, would considerably increase the labour of the 
painter. The temperature should be raised to 175° to 
180° C, in order that the water may be removed and the 
oil made as colourless as possible. It is one of the first 
requirements of boiled oil that it shall not impair the shade 
of pale colours. 

If now litharge be introduced into linseed oil heated to 
this temperature, the mucilage separates almost at once. The 
oil retains its fluid nature if now removed from the fire ; 
but if kept with the litharge for some time at the high 
temperature it becomes brown and thick, although the 
temperature is far below the boiling point. In this case 
the thickening is due to the litharge, which disappears as 
such more or less from the oil ; it combines with the acids of 
the oil and a thickish liquid is obtained which dries very 
rapidly, and thus is described as boiled oil, though in reality 
it does not deserve the name, but rather should be ranked 
with the "plaster varnishes," which are known to have 
little durability. On the contrary, that boiled oil offers 
the greatest promise of durability in which the oil 
has been kept as far as possible in its natural con- 
dition during the operation of removing the mucilage; 
this is, however, not the case with thick boiled oils. 
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Thus it would be proper to require of boiled oil that it 
should be thin, like the oil from which mucilage has been 
removed. 

(2) Initiation of the oxidation of the oil. — It is generally 
thought that, in boiling oil with metallic oxides, the oxidation 
is commenced by the oxygen of the oxide and carried forward 
to a certain point. This belief is founded on the fact that it 
is oxygen which causes boiled oil to dry, and confirmed by the 
rapid drying of oil in contact with lead pigments which . 
contain oxygen, as opposed to the slow drying of oil in 
contact with pigments, such as the soot blacks, which contain 
no oxygen. Fehr regards this view as incorrect, at least in 
so far as the oxygen of the oxide is supposed to effect the 
oxidation of the oil. If this were the case the oxygen would 
be separated from the oxide, so that metallic lead would form 
a deposit in lead boiled oils. As a rule this does not occur, 
and in the exceptional cases in which it is observed it 
signifies simply that the oxygen has separated from the lead, 
but not that it has combined with the oil. That view is also 
opposed to the experience that few metaUic oxides produce 
boiled oil drying as quickly as is obtained with manganese 
borate, and further, that zinc oxide, in spite of its high 
percentage of oxygen, is a pigment in contact with which oils 
dry slowly. In order to decide this question, Fehr passed a 
current of oxygen for a long time through raw linseed oil. 
The drying properties remained unaltered. Thus it is to be 
concluded that in boiling oil the oxygen of the metallic oxide 
plays no part. The oxides, however, unite directly with the 
oil and cause the separation of the mucilage from the oil, 
which process is sufficient to make the oil absorb oxygen 
from the air more rapidly. The oxidation which the oil 
undergoes in increased measure at the temperature of boiling 
is caueed solely by the oxygen of the air and not by the 
metaUic oxides. 
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In addition to litharge, several manganese compounds are 
used in boiling oil, such as manganic hydrate, and especially 
manganous borate. These substances effect the separation of 
mucilage from the oil to the same degree as litharge, and 
have the advantage over the latter that they do not thicken 
the oil. Since, however, there is danger of producing dark 
boiled oil, the temperature should not exceed 175° C, at 
which manganous borate acts upon the oil and produces a 
thin pale boiled oil with a somewhat greenish tinge. This oil 
is completely indifferent to sulphur compoimds, and hence 
may be used with all pigments, and for both indoor and out- 
door work. 

Both in boiling and later, when the oil dries^ the oxida- 
tion is caused by the oxygen of the air. It is completed 
more readily in oils from which the mucilage has separated, 
and is accelerated by heating the oil. Too long or 
too violent heating causes excessive oxidation, and hence 
thickening, also under certain circumstances it darkens the 
oil. 

Success in the production of boiled oil depends, apart 
from the first requisite — raw oil of good quaUty, upon heating 
the oil to the correct temperature, which is readily obtained 
if a thermometer is used. 

Livache gives the following as the conditions upon which 
the production of a good boiled oil depends : — 

(1) The quantity of the drier or driers. 

(2) The temperature: 

^ (3) The duration of boiling. 

In boiling linseed oil over an open fire the quantity of driers 
varies from 2 to 4 per cent, of lead compounds and from 
1 to 2 per cent, of manganic hydrate or manganous borate. 
If the deposit be examined at the conclusion of the operation 
a slimy mass will be found, and in the case of lead compounds 
a notable quantity of metallic lead, whilst the boiled oil 
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contains only about 1 per cent, of lead oxide. Hence we 
may conclude that 

(1) The oxidisable constituents of the oil have retained a 
certain quantity of lead oxide. 

(2) A certain quantity of lead oxide is precipitated in the 
form of insoluble lead salts. 

(3) A portion of the lead oxide has formed an insoluble 
compound with the oil. This compound is due to the ready 
saponification of certain glycerides in the oil, whereby a 
certain quantity of glycerin is set free, corresponding to the 
saponified oil. 

If a manganese salt be employed instead of the lead 
salt, the boiled oil contains about 0*5 per cent, of manganic 
oxide. 

In practice the suitable temperature for boiling is re- 
garded as 210" to 228° C, and it is easy to give the 
reasons. 

In the first place, experience shows that when the oil is 
heated it begins to decompose at 230° to 236° C, and gives 
off volatile products, whilst fatty acids are formed which 
injure the oxidised oil and require a long time to dry. In 
order to obtain a fluid product which has not perceptibly 
thickened, the temperature should not exceed 230° C. In 
the saponification which occurs a corresponding quantity of 
glycerin is set free. If this remained in the oil the dry 
layers would never completely harden, but would remain tacky. 
The glycerin must be removed, and this is accomplished by 
boiling for a long time, since part of the glycerin is evapor- 
ated at 225° C, together with certain volatile materials 
which are evolved in small quantities from the oil during 
boiling; the temperature has little influence upon the dis- 
tillation products of glycerin. Another part of the glycerin 
is decomposed, either by the long continued heating or, as 
Hartley has shown, by the presence of metallic lead (which 
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has been shown to be present at the end of the operation), 
into volatile products such as acrolein, acrylic, formic, and 
acetic acids. The largest quantity, acting upon the trigly- 
cerides, produces diglycerides, the complete oxidation of 
which follows, and a perfectly dry skin is formed when 
this last reaction takes place at a temperature of 200° C. 
In order to obtain good boiled oil, the temperature should 
not exceed 230° C, but it must rise above 200° C. In 
practice, as we have said, it is maintained between 220'' 
and 228° C. 

The duration of boiling is from 3 to 6 hours, accord- 
ing to the shape of the apparatus, the intensity of the fire, 
and the quantity of oil under treatment. It is necessary to 
boil until the above-mentioned reactions have occurred. It 
has, however, been shown that the quality of boiled oil is 
better the longer it has been boiled. A polymerisation 
of the different glycerides of the oil occurs, producing 
an oil which oxidises much more rapidly, and when 
dry has greater elasticity. This is the reason why, in 
England, instead of boiling oil rapidly and causing it to 
" break," as in France, the oil is very slowly boiled, and 
the boiling process protracted for several days and even for 
a week. 

In working with steam or superheated air the temperature 
is maintained between 125° and 130° C. Steam at a pressure 
of 4 to 5 atmospheres becomes reduced to about 2 atmo- 
spheres pressure in the steam coil or jacket of the pan. It 
will readily be understood that it is difficult, in view of safety 
and economy, to heat steam to such a temperature that it 
indicates 200° C. in a coil or jacket, for about 15 atmospheres 
pressure are required. At a lower temperature the glycerin 
formed by partial saponification remains in the oil in large 
quantity and prevents the formation of a coating as hard as is 
produced by fire boiled oil. However, oil boiled by means of 
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steam has the great advantage that it does not become dark, 
hence manganic oxide can be used in larger quantity, so that 
an energetic oxidation is produced, which counteracts the 
unfavourable action of the glycerin. Direct oxidation may 
also be produced by sending a current of air through the 
oil. The glycerin may also be removed by sprinkling water 
upon the hot oil. It will thus be understood that fire boiled 
oil is often preferred to oil boiled by means of steam ; 
prolonged boiling may, however, avoid or quite remove the 
defects of the latter. 

It is shown by these statements of Fehr and Livache that 
heating to 220° C. is absolutely necessary, on the one hand, to 
separate the mucilage, and on the other, to produce an oil 
which shall subsequently dry to a hard layer. The author 
agrees with these views only in so far as relates to the 
separation of the mucilage from the oil, and when a pale 
oil was in question would feel no anxiety concerning the 
good, hard drying of an oil which had only been heated to 
130° to 135°C. It will be seen later that it is possible, with 
suitable driers, to produce a good and hard drying boiled 
oil quite without the application of heat. The substances 
which have been used or proposed for use as driers will next 
be described. 

The Driers Used in Boiling Linseed Oil 

In order to convert raw into boiled linseed oil, certain 
substances, the compounds of particular metals, are intro- 
duced into the oil. They have the property of absorbing 
oxygen from the air and transferring it to the oil, by 
which the latter is made capable of yielding a hard elastic 
layer. 

Numerous substances have been used or proposed for this 
purpose during a long series of years. A list of this is given 
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for the sake of completeness ; their usefulness will be subse- 
quently discussed : — 



Alum. 

Antimony oxide. 

Boric acid. 

Bread. 

Calcium plumbate. 

Copper linoleate. 

Copper resinate. 

Copper salts (nitrate, sulphate, 

etc.). 
Dogs' excrement. 
Ferric oxide. 
Ferrous hydroxide. 
Flake white (white lead). 
Garlic. 
Gypsum. 

Lead, the granulated metal. 
Lead acetate. 
Lead borate. 

Lead carbonate and white lead. 
Lead -lime (lead peroxide and 

lime). 
Lead linoleate. 
Lead manganate. 
Lead-manganese linoleate. 
Lead-manganese resinate. 
Lead oxide, prepared. 
Lead oxides, litharge (silver or 

gold), red lead. 
Lead peroxide. 
Lead, precipitated (by the action 

of metallic zinc on lead acetate 

solution). 
Lead resinate. 
Lead suboxide. 
Lead tartrate. 
Manganese acetate. 
Manganese benzoate. 
Manganese borate. 



Manganese carbonate. 

Manganese chromate. 

Manganese citrate. 

Manganese formate. 

Manganese linoleate. 

Manganese nitrate. 

Manganese oleate. 

Manganese oxalate. 

Manganese peroxide. 

Manganese peroxide, artificial 
(containing 70 to 75 per cent, 
of MnOg, 10 to 15 per cent, of 
MnO). 

Manganese preparation (resin- 
ate). 

Manganese resinate. 

Manganese succinate. 

Manganese sulphate. 

Manganese sulphite. 

Manganese tartrate. 

Manganic chloride. 

Manganic oxide, crystallised 
(braunite). 

Manganous hydroxide. 

Mercuric oxide, red. 

Nitric acid. 

Onions. 

Pumice. 

Pyrolusite. 

Shale, brown shale. 

Tin, the granulated metal. 

Umber. 

Verdigris. 

Vermilion. 
I Zinc, the granulated metal. 

Zinc oxide. 

Zinc sulphate (zinc or white 
vitriol). 
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Preparations of unknown or inexactly hnovm composition :■ 



Boiled oil preparation. 

Manganese oxide in lumps. 

Prepared drier. 

Ozonolin, a substitute for litharge.* 

Resinate extract. 

Siccative extract. 

Siccative powder. 

Universal siccative (containing lead and manganese). 

Varnish preparation (manganese resinate). 

From these alleged driers the following may be separated 
as quite inactive and therefore useless : — Alum, antimony 
oxide (decreases drying power), boric acid, bread (used to 
remove " fat " from linseed oil), copper resinate, linoleate, 
and sulphate (which have again recently been alleged to 
cause drying), dogs' excrement, ferric oxide, ferrous hydroxide, 
garlic, gypsum (only removes water), manganous chloride, 
mercuric oxide (red), nitric acid, onions, shale, tin (granu- 
lated metal), umber, vermilion, zinc (granulated metal), zinc 
oxide. When the remaining substances are examined, after 
the removal of the useless " driers," it is seen that they 
are lead and laanganese compounds and zinc sulphate ; the 
use of the last named is not general, and its usefulness is 
often denied. 



[Table. 



160 



DRYING OILS 



Q 
W 
m 

o 

O 

o 

W 

OQ 

J25 



o 

P3 

o 
o 

P 

O 
Pn 

O 

o 

<i 

pq 
o 

>H 
P5 








oodoodd 



0000 
0000 

QO QO t>. t>- 
C^ (N C<l (N 

3 >► S , 
000: 



O D o 

(N G>1 (N 

, >■ s 
: o o 
x^x> 

« 



o 

o 



3 
O 

o 



p 



c 
o 

s 

GO 



CQ 






S3 
o 

C rr" 

c3 

OQ 



O 



c8 O 










O tA u^ kO 

CO O O lA 

J. 1 " I jQ II i I 

C0COCOC0"<3o»rHCO 



o CO (M 



12 O <N 

»~< CO <N 

C3 

UTO O 00 t>. O 
• • • • • X 

C^ 0» CO -^ Oi ""S 

C« C^ (N rH (N <1 



»0 <N (N 1= 



I 



j,-i 

«-«! 



a> 



lis 

11° 



4> 

C 

bo 



C? O 00 O 00 i-l «0 O iiJJ t>. (?« O i-H O 00 u^ 
C^OCCOO«>.»Of-lCO .COCOkO-^OOiCO-^ 



C0(N(Mi-Ht>.C^05(N 
<O^k£J?O(Ne0i-tT»i 



O (N CO CO '^ O G^ 
CO 0» (N G^ »-< CO C^ 



o bo 



S5 



t^«0k00i000St>-O 

OOt^OOOOiCOOOCO 

i-l i-l r-l i-H C^ Cq 



COOdCOmOdOii-HiO 
COt>.'^OCO«DOO^ 
rHr-tC»lt^<NCOi-H<N 



e4 



o 



04 



wO o "-^ 1.^ 



o 

«0 co^ 



,tt 



64 



,0 






o 

o too hf Q,B 

o w *=^ ffi ^ w Tti 



o 






o 



• • ^ • • • • 

• • ^^ . . . , 

rrj J2 TJ O) ® 

>^ S S-r 2-2 

2 g g fl fl 

^^ es CO eS 08 « 

2 S 5 S 2 

^ re n cs 00 



© 



© 



© 



;3 CJ S -►- 

fl © ^ © 



© 



« 



rt »- N 

4^ 



© 



O 



© 
© 

CO © 



© 

© 
o © 



DRIERS FOR BOILED OIL 



161 



VAEIOUS DETERS, THEIR THEORETICAL AND ACTUAL 
PERCENTAGE OF METAL, AND THE MINIMUM 
TEMPERATURE AT WHICH THEY PRODUCE BOILED 
OIL. 





Tb pnr Af.iPA.] 


Average Percentage 


Minimum Tem- 


Drier. 


X 1 ICVl C ifll^clX 

Percentage 
of Metal. 


of Metal in the 
Commercial 


perature for the 
Production of 




Substance. 


Boiled Oil. 


Pyrolusite 


63-2 


(30-60), 55 


About 250" C. 


Manganic hydroxide 


62-5 


45-50 




Manganese dioxide, hy- 








drated (artificial pyro- 








lusite) 


52-4 


45-50 


170-220° C. 


Litharge .... 


92-8 


About 93 


More certainly at 
> 200°-220° C. 


Red lead . 


91-2 


„ 91 


Manganese borate . 


. .  


(5-22), 15 


Eventually in the 


,, acetate, crys- 






cold. 


tallised 


22-5 


About 22 




Lead acetate, crystallised 


54-6 


„ 54 




Manganese oxalate . 


. 30-4 


„ 30 




, , carbonate 


41-4 


„ 41 


Above 280° C. 


,, resinate, pre- 








cipitated . 


About 7-7 


About 7 soluble 


\ 


,, resinate, fused 


„ 5-3 


2 -5-4 -5 „ 




,, linoleate 


„ 8-9 


About 9 ,, 




Lead- manganese resinate. 






, Without rise of 


fused . 


 • • 


• • • 


temperature. 


,, linoleate 


• • • 


 • • 




Powdered siccative . 


• • • 


0-5-3 




Liquid ,, 


« • • 




/ 



The useful driers, which have been mentioned, may be 
divided — 

(1) Into those which have been used since the first 
manufacture of boiled oil, and have been somewhat more 
extensively employed with the advance in the preparation 
of new compounds of lead and manganese, viz. the oxides and 
salts of these metals with inorganic acids and organic acids of 
low molecular weight, such as pyrolusite, artificial oxides of 
manganese, litharge, red lead, manganese borate, acetate and 
carbonate, lead acetate, etc. Of these, lead acetate, litharge, red 
lead, pyrolusite, manganese borate, manganic oxide, manganic 
hydroxide and peroxide have been in practical use until quite 
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recently. The other compounds, especially the different man- 
ganese salts, have had occasional and not very successful 
employment. 

(2) Into those which have become known during the last 
fifteen years— lead and manganese salts of the acids of high 
molecular weight derived from animal and vegetable fats 
and resins — the so-called soluble driers or " soluble sicca- 
tives," as they have been unfortunately called. 

The essential and characteristic difference between the 
two kinds of driers is, as Weger has said, that the members 
of the second group dissolve readily and in large quantity in 
linseed oil (also in turpentine and benzine) at the ordinary 
temperature, or slightly above it. The members of the 
first group, on the , other hand, are insoluble in turpentine, 
and generally require a higher temperature to be dissolved 
by linseed oil. 

The great variety of fats and oils offers an extensive 
choice for the preparation of the driers of the second class. 
According to Weger, all the possible lead and manganese 
salts may be made and used with tolerably equal effect. The 
linoleates and resinates have alone been introduced ; this is 
natural, since linseed oil and resins are the fundamental 
constituents of boiled oil and varnish respectively, and also 
because they are practically the cheapest materials. An 
oleate (the linoleates are often called oleates) or a palmitate 
may be occasionally used, but the quantity is trifling as com- 
pared with the resinates and linoleates. The acid, which is 
combined with lead or manganese, has doubtless some influ- 
ence upon certain properties of the boiled oil, but it is d priori 
to be expected that it is without influence on the rapidity of 
the drying, and that only the quantity of lead or manganese 
influences the transference of oxygen. This expectation was 
experimentally confirmed for the lead and manganese linoleates 
and resinates respectively. In the case of the manganese 
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compounds the experiments were not quite conclusive, the lino- 
leate oils appeared to dry more rapidly than the resinate oils. 

The commercial lead and manganese salts of the oil-acids 
and resins are the following: — Lead resinate, lead oleate, 
resinate of lead and manganese, oleate of lead and manganese, 
manganese resinate (fused and precipitated), manganese oleate 
(lead or manganese oleate or resinate). These are tolerably 
comphcated compounds, the chemical constitution of which is 
not known with the same accuracy as that of the salts of 
acetic or oxalic acid. 

The compounds mentioned above contain the following 
quantities of active metal: — 

Manganous linoleate, about 8*9 per cent, of manganese. 

6-1 



Lead linoleate, 




26-9 




>> 
lead. 


Manganous resinate, 
Manganic „ 
Lead „ 




7-7 

5-3 

24-0 




manganese. 

>> 
lead. 



These figures may vary in the case of resinates by about 
5 per cent., in the case of linoleates by 2 per cent, above or 
below. In consequence of the method of preparing these 
substances, especially of those obtained by fusion, complica- 
tions arise which make the value of these figures very 
problematical Deep-seated decompositions are produced at 
the high temperature ; what becomes of the glycerides is 
doubtful. In the case of manganese preparations, reduction 
and oxidation may occur. It is not known whether the 
product obtained from rosin and manganic oxide is really a 
manganic salt, or whether it is not partially manganous 
salt. The principal difficulty is, however, that under the 
usual conditions no absolute union of base and acid or 
glyceride occurs, but rather, in spite of an excess of the 
former, uncombined acid or unattacked glyceride remains. 
On the other hand, under certain conditions, as when the 
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process is " forced," more metal can be dissolved by the lin- 
seed oil, and apparently also by the rosin, than corresponds 
with the extreme limits of the figures just given. Weger 
found 1 1 per cent, of soluble manganese in a fused manganous 
linoleate, and more than 30 per cent, of soluble lead in a 
fused lead linoleate. It might readily be supposed that the 
glycerin residue had combined with the excess of lead or 
manganese; this is not impossible in the case of lead. It 
is, however, very improbable in the case of manganese, since 
free glycerin is only able to dissolve slight traces of man- 
ganous or manganic oxide even at high temperatures. Ex- 
periments made with linoleic acid free from glycerin seem 
to decide against the above hypothesis. It has not yet been 
shown that the products containing an abnormal quantity of 
metal are quite free from uncombined rosin or linseed oil. 

For the purposes of oil boiling, it is now important to 
recognise the value of the driers in regard to their condition 
and purity. The lead oxides of commerce, red lead and 
litharge, are generally produced in a commercially pure con- 
dition, and in this form they suffice. Eed lead rarely corre- 
sponds to the formula PbgO^, it generally contains somewhat 
less oxygen; it contains 17*5 to 33*6 per cent, of peroxide 
and 65'0 to 75*1 per cent, of monoxide. Eed lead is 
adulterated with brick dust, red ochre, ferric oxide, barytes, 
gypsum, lead sulphate, clay, and sand, more rarely with white 
lead, zinc white, calcium or barium carbonate, etc., substances 
which are inactive. Pure litharge contains 92*83 per cent, 
of lead and 7*17 per cent, of oxygen; the impurities are 
the oxides of copper, iron and antimony, lead, lead suboxide, 
red lead, also chalk, silica, silicates (clay), carbonic acid, more 
rarely the oxides of silver, bismuth, tin and zinc. Occa- 
sionally brick dust, red ochre, and ferric oxide are fraudulently 
added to litharge, decreasing its value. The remaining lead 
compounds included in the first group, when commercially 
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pure, answer to the requirements. The same is the case 
with the manganese compounds ; still, it should be observed 
that adulteration with zinc white is common. 

In the compounds of the acids of rosin and of the oils, 
the soluble metal, combined with the rosin or the oil-acids, is 
alone of importance. The compounds suspended in the rosin 
or oil (MnOa, MugOg, MnCOg, PbO, etc.), which occur in many 
commercial products, do not enter into reaction when the 
drier is dissolved at the ordinary temperature or at a gentle 
heat. They are also harmful, since they make the oil turbid. 
On the other hand, a large excess of rosin or oil is to be 
avoided, since it would diminish the percentage of the active 
constituent. Excess of linseed oil in the drier would 
naturally not be harmful ; a large excess of rosin is strictly 
to be avoided. If we take the case in which the resinate drier 
contains 50 per cent, of free rosin, the oil would contain 
at the most 1*5 per cent., since more than 3 per cent, of 
drier is very rarely used — thus at the worst a very iucon- 
siderable quantity. Attempts to restrict the quantity of 
free acid are generally at the expense of the complete solu- 
bility of the drier and its pale colour, and at the same time 
frequently no improvement results. All fused resinates 
contain free rosin or uncombined mineral matter, and very 
often both at the same time. The free rosin in a drier has 
a considerable influence on its easy solubility at low tem- 
peratures ; a fused manganese resinate, containing 5 per cent, 
of soluble manganese, would d priori be preferred to a 
resinate containing only 4 per cent., and in certain cases is 
preferred in practice. In other cases it is quite useless, 
whilst the 4 per cent, resinate can be employed at a pinch, 
but a 3 per cent, resinate would be most suitable. 

As regards adulteration of this class of driers, it does not 
occur in the case of resinates. Those who do not know the 
requirements of the manufacturer might regard free rosin as 
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an adulterant added to decrease the cost ; such an addition 
would not, however, perceptibly diminish the cost. Lino- 
leates are commonly adulterated ; the adulterant in one case 
was found to be, not free rosin, but resinate of lime (50 per 
cent.). Manganese linoleate may contain small quantities of 
calcium linoleate in consequence of the material used in its 
preparation ; small quantities of calcium resinate would not 
be detrimental, but large quantities should not occur. To 
test for this adulterant, the acids are separated from the 
suspected substance and examined in Wollny's butyro-refracto- 
meter, or, in case this expensive instrument is not at hand, 
the resin and fatty acids are separated by Twitchell's method. 

Borntrager of Hanover has practically examined various 
driers for linseed oil. He finds that chrome red, obtained by 
boiling lead chromate with caustic potash, and also lead 
chromate, make linseed oil dry in 24 hours. Ignited lead 
chromate, a pale brown powder, apparently containing lead 
peroxide, dries with linseed oil in 12 hours. Lead humate, 
a black powder, effects drying in 24 hours ; ignited lead 
humate and lead suboxide, in 24 hours, very hard ; lead 
oxide, heated in the oxidising flame, in 12 hours; ignited 
zinc humate (zinc white), in 15 hours; Chinese blue, in 
12 hours; basic zinc chromate, in 24 hours; basic lead 
chromate, precipitated by sulphuric acid, a cinnamon-coloured 
powder, in 24 hours. The lead chromates, pure and ignited, 
dry best, as also ignited lead and zinc humates. 

Unfortunately, in the communication the manner of 
treating the linseed oil is not mentioned, whether in the hot 
or cold way, and also the quantities used, which would be of 
importance. The author doubts whether lead chromates 
would effect any increase in the drying capacity ; in the 
case of Chinese blue, it is quite out of the question, it is 
well known in practice that all the iron-cyanogen pigments 
rather hinder than accelerate drying, and that they are 



DRIERS FOR BOILED OIL 



167 



generally used with a large quantity of liquid drier. The 
success obtained with ignited lead chromate was perhaps due 
to the presence of finely divided metallic lead. The action of 
lead humate may be ascribed to a similar reduction. 

It may now be regarded as decided that the lead and 
manganese compounds cause the .most energetic transference 
of oxygen to linseed oil, and that they alone find application 
as effective driers. Many compounds of these metals have 
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17. — Curves showing Connection between Proportion of Driers in Boiled 

Linseed Oil and Time of Drying. 



been proposed . from time to time, which probably in most 
cases, if not always, are inferior to the resinates. 

In regard to the relation between the drying power, or 
the time required for drying, and the quantity of lead or man- 
ganese, or, as it is better expressed, the quantity of drier, 
Weger makes the following statement : — If a small quantity 
of a solid manganese compound, corresponding to about 0*02 
per cent, of manganese, be dissolved in raw linseed oil, it dries 
perceptibly more quickly than without manganese. If the 
quantity of manganese be increased to 0*05 per cent, the 
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drying action is already noticeable after 12 to 15 hours. 
If the (Quantities of metal dissolved in boiled oil be taken 
as abscissie, the times of drying as ordinates, any one of the 
curves in Fig. 17 may theoretically represent the relation. 

Weger*s experiments show that the curve C really repre- 
sents the connection. The experiments were performed with 
commercial fused manganese resinate, manganese linoleate, 
manganic hydroxide, and lead-manganese resinate. In all 
such experiments it is necessary to estimate the quantity 
of metal (or driers) actually contained in the oiL In order 
to obtain distinct differences in the times of drying, it is 
necessary to work with large quantities of driers, which in 
many cases are not permanently retained by the oil. Weger 
comes to the conclusion that, as the quantity of drier increases, 
the drying power first becomes greater and then remains 
constant ; the curve therefore falls at first and then runs 
horizontally. The minimum time of drying is obtained with 
about 0'2 per cent, of manganese, which large quantity is 
therefore excessive in practice. With lead-manganese oils 
the quantity of drier may be greater ; the minimum time of 
drying is attained with about 0*6 per cent, of metal in the 
proportion of 5 Pb to 1 Mn. The belief, not seldom expressed, 
that too much drier reduces the drying power, originates from 
observations made on linseed oil mixed with liquid driers ; 
excessive quantities of driers do not remain permanently in 
the oil, but separate. 

F. W. Thorpe made a number of experiments in order to 
elucidate the influence of the temperature of boiling and of the 
doers used on the properties of boiled linseed oil. The oil used 
was expressed in the cold from Calcutta seed ; in colour it was 
a very pale yellow. In each experiment 50 c.c. of tlie oil, i.e. 
45*7 grms., were heated in a glass vessel on the sand-bath, 
the sand reaching half-way up the layer of oil. The contents 
were stirred several times during boiling; the driers were 
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previously dried. The best results were obtained when the 
temperature of the sand-bath was 230° to 275° C. After boil- 
ing, portions of the oil were spread on glass and allowed to 
dry in the open air in a good light. The coating was regarded 
as dry when it could be touched without retaining the impres- 
sion of the finger. The results are given in the following 
table : — 





Drier. 


Quan- 
tity of 
Drier. 


Duration of 
Boiling. 


Tempera- 
ture of 
Boiling. 


Time of 
Drying. 


Appearance of the 
Dried Layer. 




Grms. 


Hrs. 
2 


Mins. 


"C. 


Hrs. 


Litharge 


1-0 


15 


220 


6 


Almost colourless. 


>» • 


0-2 


2 


15 


250 


10 


)) )) 


>i • • 


0-8 


1 


30 


250 


10 


)) )) 


Lead peroxide 


1-072 


1 


30 


2-20 


several 
days 


Strongly coloured. 


,, chloride. 


1-247 


2 


30 


250-360 


24 


Slightly „ 


Red lead 


1-024 


2 


30 


220-285 


24 


Strongly ,, 


Lead oxalate . 


1-323 


2 


15 


300 


did not 
dry 


»> }> 


, , tartrate . 


1-6 


2 


15 


270 


24 


>> iy 


,, acetate . 


1-46 


2 


15 


270 


12 


Slightly „ 


,, borate . 


1-105 


1 


30 


220-300 


20 


}i fi 


, , carbonate 


1-197 


2 


• « • 


225 


10 


a yi 


Zinc oxide 


0-5 


2 


15 


250 


45 


Almost colourless. 


, , sulphate 


1-987 


2 


30 


285 


45 


If n 


,, sulphate 


1-5 


2 


• • • 


230 


45 


Yellow. 


,, acetate . 


1-0 


2 


15 


235-280 


40 


Colourless. 


,, borate . 


10 


2 


• • • 


240 


40 


Almost colourless. 


,, borate . 


0-5 


1 


30 


240 


46 


a »* 


,, borate . 


0-5 


1 


30 


240 


46 


>) f* 


,, nitrate . 


1-5 


2 


30 


230 


36 


>> >» 


Manganese acetate . 


1-0 


2 


15 


225-250 


20 


)) )} 


,, borate . 


1-625 


2 

• 


15 


220 


20 


Colourless and 
hard. 




, sulphate 


1-72 


2 


• • • 


240 


40 


Colourless. 




, oxalate . 


1-64 


2 


• • • 


230 


40 


) ) 




, acetate . 


0-6 


2 


• • • 


225-250 


20 


Strongly coloured. 




, borate . 


0-5 


1 


• • • 


230 


20 


Colourless. 




, acetate . 


0-5 


1 


15 


225-230 


20 


)) 




, oxalate . 


1-5 


2 


30 


230 


36 


1) 




, sulphate 


1-5 


2 


30 


240 


36 


)> 




, oxalate . 


1-0 


2 


45 


240 


48 


Yellow. 




, nitrate . 


1-5 


1 


30 


230 


24 


Blackish. 




, tartrate. 


1-0 


2 


30 


230 


24 


Colourless. 




, formate. 10 


1 


• • • 


240 


24 


Slightly coloured. 
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Some of the boiled oils were examined in order to deter- 
mine the percentage of metallic oxide they contained. 



Drier. 



Lead carbonate 



}» 



acetate 



Litharge . 
Lead borate 
Manganese sulphate . 

borate . 

acetate . 

oxalate . 

tartrate . 



>> 



>» 



»> 



>» 



Quantit3' of 
Drier. 



Grms. 
1-197 

1-466 

0-200 

1-105 

1-720 

1-620 

0-500 

1-600 

1-500 



Lead or Manganese per cent. 



Calculated. 



FounrL 



2-030 
2-230 
0-406 
2-030 
1-370 
2-060 
0-347 
1-034 
0-670 



I. 



1-392 
1-396 
0-244 
0-982 
0-045 
0-208 
0-248 
0-248 
0-049 



II. 



1-477 

1-338 

1 -338 

0-998 

0-038 

0-190 

0-256 

0-030 

0-043 



From these experiments it might be concluded that oil 
boiled with lead compounds generally has a darker colour, 
which becomes more or less evident in the dried layer. Zinc 
compounds appear to exert no action on the oil ; they make 
it dry slowly and impart no hardness to it. Manganese com- 
pounds give better results, but litharge the best ; the oil dries 
rapidly, the coating is hard, and if the oil has not been boiled 
at too high a temperature it is barely coloured. Manganese 
borate and acetate are the best driers, especially the former ; 
when the acetate is used, the temperature should not rise 
above 230° C, otherwise the oil becomes strongly coloured 
owing to the formation of tarry (?) products. The acetate is 
the best of the zinc compounds, yet the borate and citrate 
give good results. Chlorides, nitrates, and borates are not 
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good driers, they cause too violent an action ; the last-named 
decompose with difficulty, and require a high temperature. 
The use of formates, citrates, and tartrates appears to offer no 
advantage. 

For the preparation of pale boiled linseed oil Eiitgers 
proposes the use of glycerin. He states that manganous 
borate has the defect of possessing a low specific gravity, 
hence oil treated with it requires a long time to clear and 
deposit, and forms a considerable foot, which is to be regarded 
as loss. By utilising the solubility of manganous borate in 
glycerin these objections are apparently removed ; the drying 
action of manganous borate is far greater when dissolved 
than when dry, thus considerably smaller quantities may be 
used to produce the same effect. The more anhydrous is the 
glycerin the greater is its solvent power. Nothing is said 
as to the method by which the linseed oil is treated with the 
glycerin solution, although this is very necessary, especially 
since glycerin does not dissolve in linseed oil, and could only 
be used as a means of transferring the drier. In order to 
produce a drying action, the affinity of the manganous borate 
for the linseed oil must be greater than for glycerin, in 
order that it may enter into the oil, which appears hardly 
credible. 

Very interesting and suggestive are the results obtained 
by Livache with non- drying oils treated by his process. 
The drying and non-drying oils were treated with metallic 
lead and manganese nitrate, poured off, and then treated with 
litharge in order to remove excess of manganese nitrate. 
When these oils were exposed in thin layers, the drying 
oils were found to increase considerably in weight, but the 
non-drying oils very little. But when the oils were exposed 
for two years, it was observed that the drying oils, which had 
become solid elastic bodies, experienced a decrease in weight 
after one year ; at the same time the coating, previously quite 
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dry, became somewhat sticky on the surface. On the other 
hand, the non-drying oils, which only increased in weight after 
a long time, thickened considerably, and in certain cases formed 
a solid hard mass, which only slightly adhered to the finger. 
The alterations in weight and consistency are given : — 



Oils. 



Drying oils — 
Linseed oil . 
Walnut oil . 
Poppy oil 
Cottonseed oil 
Beech-nut oil 



Non -drying oils- 
Colza oil 
Sesam^ oil 
Arachis oil 
Rapeseed oil 
Olive oil 



L088 of Weight per 
cent, after 


One Year. 


Two Years. 


10-3 


7-0 


9-4 


7-6 


8-0 


5-3 


6-3 


4-6 


61 


6-0 


6-0 


6-3 


6-2 


4-8 


5-7 


5-6 


5-8 


5-4 


5-3 


5-7 



Remarks. 



Somewhat sticky before drying. 
Rather ,, 
Flows readily 



f } 



>> 



>» 



»♦ 



Adheres to the finger before 
drying. 



Co}idition after two years. 

Solid, transparent, adheres to 

the finger. 
Solid, transparent, adheres to 

the finger. 
Very thick, remains sticky. 

Solid, transparent, adheres to 

the finger. 
Very thick, remains sticky. 



The Manufacture of Boiled Oil and the 
Apparatus therefor. 

In the present condition of the manufacture of boiled oil, 
when there are the most varied views as to the necessity and 
desirability of using high temperatures, when numerous solid 
driers, liquid siccatives, and " siccative extracts " (generally 
solutions of linoleates or resinates of lead and manganese) are 
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employed, when also the most different and apparently 
equally favourable results are obtained, it is difficult to take 
up and defend a one-sided position, especially since exhaust- 
ive information is expected in a treatise on the subject. 
The manufacture of boiled oil will therefore be treated in 
three sections, according to the temperatures employed : — 

1. The preparation of boiled linseed oil at temperatures 
up to 30° to 40' C. 

2. The preparation of boiled linseed oil at 130° to 140° C. 

3. The preparation of boiled linseed oil at 220° to 270° C. 
Halphen divides the processes used in the manufacture of 

boiled oil into five classes : — 

1. The preparation by the action of heat alone, without 
any additions. 

2. The preparation by means of manganese oxides, 
hydroxides, and salts. (The processes of Binks, Grohmann, 
Chevreul, Dullo, Barruel and Jean, the process with man- 
ganese resinate.) 

3. The preparation with lead oxides or salts, with or 
without heating (with litharge, white lead, lead sulphate, 
Liebig's process, Binks' process (lead oleate), with litharge 
and zinc sulphate, with granulated lead and tin, with pre- 
cipitated lead). 

4. The preparation with lead, zinc, tin, or their salts. 

5. The preparation by means of acids (hydrochloric and 
nitric). 

Halphen recapitulates or abstracts, however, only those 
processes which have been more or less frequently mentioned 
in the literature of the subject, without regard to the fact 
that many of them are quite worthless. Such, for example, 
as the processes with granulated lead and tin, also no one 
to-day tries to make boiled oil simply by heating. The 
author does not say that the methods for the preparation 
of boiled oil by means of lead oxides and manganese com- 
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pounds no longer have their application, but the processes as 
given by Halphen produce results extremely incomplete for 
practical purposes. Acids also are not used in the prepara- 
tion of boiled oil ; occasionally they are used for refining, 
though rarely. There is such danger of the decomposition of 
the oil without great care, when effective quantities are used, 
and the difficulties of entirely removing the acid from the oil 
are so considerable, also the loss occasioned by emulsified oil 
is so great, that this process is quite out of the question in 
practice. 

The driers will first be considered. In the preceding 
section we have seen that the following substances are now 
in use for this purpose : litharge, red lead, lead resinate, 
lead-manganese resinate, lead oleate, lead-manganese oleate, 
crystallised and dehydrated lead acetate, pyrolusite, man- 
ganese peroxide, manganic hydroxide, manganous borate, 
manganese resinate, manganese oleate. All other driers are 
without technical application, though they may occasionally 
be used without producing particular results. 

Pale boiled linseed oil can only be obtained with 
anhydrous lead acetate and manganous borate. All other 
driers produce more or less dark oils, especially when used at 
high temperatures. Boiled oil produced at ordinary tem- 
peratures or below 230° C. can only be used for the grinding 
and thinning of paints or for application alone. The varnish 
manufacture requires boiled oil, which has been heated at 
least to 270° C, so that all the foreign matters contained in 
the oil have been removed. A difference must therefore 
be made between boiled oil intended for painting and for 
varnish making. 

It would always be advisable, speaking generally, to heat 
linseed oil up to 270° C. before converting it into boiled 
oil by some method or another. The foreign substances, 
which are always present, then separate, as has been repeatedly 
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remarked ; the intense yellow colour of the oil is changed to 

a pale green, so that it may be used in white paints ; it 

acquires a somewhat burnt smell, which is liked by the 

consunaers ; it also deposits a remarkably small foot, especially 

when the conversion into boiled oil is accomplished without 

any considerable rise in temperature and liquid driers are 

used, whether they be true siccatives from linseed oil lead 

plaster, or solutions of lead resinate and oleate and manganese 

compounds in linseed oil or turpentine. The oil is heated in 

a simple manner, it is brought up to 130° C. in a pan of 

suitable size, maintained at this temperature imtil it contains 

no more moisture, i.e. until the oil no longer froths or foams, 

and only gives off small bubbles. A more rapid fire is then 

applied, so that the temperature rapidly rises to 270° C, and 

the decolorisation of the oil occurs, the colour changing from 

deep yellow to pale greenish. The heating of the oil is then 

discontinued, the fire is extinguished, and the oil allowed to 

cool. When quite cold it is drawn off, or run off from the 

deposit by means of a tap. 

The quantity of the drier and its eventual combination 
are very important in boiling linseed oil. In regard to the 
colour of the finished oil, it must be said that it is useless to 
associate lead compounds with, e.g., manganese borate, for the 
oil will not thereby be made paler. It is equally useless to 
the drying power of boiled oil to overload it with driers, for 
experience has shown that the excess of driers thickens the 
oil and forms foots, without increasing the drying power. 

The permissible maximum quantities of driers are as 
follows : — 

Litharge, very finely ground 
Red lead .... 
Lead acetate, fused . 
Pyrolusite 
Manganese peroxide . 



2- 


-3 per cent 


2- 


-3 


j> 


2-5- 


-3-5 


>> 


5 




>j 


2- 


-3 


>> 
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Manganic hydroxide . 
M anganous borate 
Manganese or lead linoleate 
Manganese resinate, precipitated 
„ „ fused . 



2-3 per cent. 

1-2 „ 

2-3 „ 

1-2-5 „ 
5 



In the case of the last two driera, which possess very different 
powers of transferring oxygen, the origin indicates the neces- 
sary quantity. 

The apparatus used in boiling linseed oil is a .pan of 
sheet iron, cast iron (enamelled or not), or of tinned copper. 
In shape it differs greatly, as has been previously mentioned. 
It is advisable that it should have a greater width than 
depth, so that a large surface may be exposed to the action 
of the air. The size of the pan varies in accordance with the 
scope of the works, generally its capacity will be 50 to 500 
kilos. ; pans of a capacity of 1000 kilos, and more are, how- 
ever, used. The smaller pans are generally arranged so that 
they can be readily removed from the fire, whilst the larger 
pans are built in and provided with special safety appliances 
to guard against fire and to prevent the heated oil from 
overflowing. For the former purpose a heavy iron cover, 
running on rollers and rails, is fastened to the roof of the 
room, and can be let down in case of fire, which it quickly 
extinguishes by excluding air. A run-off cock is also pro- 
vided in the bottom of the pan, by which the oil can be 
rapidly drawn away to a cold tank. The arrangement for 
preventing the oil from running over, or rather, to prevent 
escaping oil from reaching the fireplace, consists of a circular 
channel running round the mouth of the pan, in which 
overflowing oil is caught, to be then carried away by a pipe. 
Two pans in juxtaposition can also be used ; the oil is heated 
in the larger pan, which is of such a capacity that the heated 
oil fills it to within about 10 cms. of the edge. It is built 
so that oil which flows over cannot reach the fireplace, and 
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so that it is surrounded by the lire and fire gases to only- 
half its height. It is provided at the side with a pipe 
through which the oil, which would otherwise overflow, can 
run into the second pan, placed near and at a lower level, 
which is not heated. The pan may also be covered during 
the operation with a well-fitting lid, provided with a slide 
and elongating to the pipe which leads the vapours and gases 
to the chimney, where a small fire is maintained to burn the 
gases. The use of steam, instead of an ordinary coal fire, for 
heating the linseed oil has particular advantages, and if it is 
not yet employed to the extent it deserves, this is due to the 
cost of erection, which is fairly high owing to the necessity 
for a steam boiler. The oil is generally boiled in jacketed 
pans, more rarely in pans heated by a steam coil, with which 
it is difficult to attain the necessary temperature. The steam 
is either at an ordinary temperature or superheated ; the use 
of the latter is associated with difficulties and dangers, but 
has increased with recent years, so that many oil boilers now 
use superheated steam. The apparatus heated by steam, and 
also other special constructions, will be described later in 
another place. 

The preparation of boiled linseed oil at temperatures 
up to 30° to 40° C. — Large pans are not required for heating 
the oil ; small pans, iron tanks, or even wooden tubs may be 
used. The treatment of the oil proceeds at the ordinary 
temperature of 10° to 12° C, but is much accelerated if it 
is possible to obtain a temperature of 15° to 20° C. by 
heating the room or by adding heated oil. The process is 
very slow at temperatures below 10° C, and since rapid 
production is generally desired, heating by one of the above 
methods is to be recommended. In this method of "boiling" 
oil only those substances can be used as driers which really 
dissolve in linseed oil — the resinates and oleates of lead and 

manganese and their solutions in linseed oil or turpentine, 
12 
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also liquid driers. The use of any other driers is quite 
impossible, since they exert no action on cold oil. The fused 
resinates and oleates of lead or manganese, or of both metals, 
are powdered as finely as possible and completely dissolved at 
90° to 100° C. in a portion, about 10 per cent, of the whole, of 
the quantity of oil which is to be " boiled." The solution is then 
stirred into the remaining oil. If the driers are simply stirred 
in without being previously dissolved, turbid oil is produced, 
which brightens with difficulty, since the fused resinates and 
oleates do not dissolve in quite cold oil. On the other hand, 
precipitated resinates dissolve, and also the commercial solu- 
tions of resinates and oleates in. linseed oil or in turpentine. 
These substances- may be used without heating; they are 
added to the oil contained in a tank, the oil is well stirred 
repeatedly for 24 hours, and then left to settle. The time 
requisite to obtain a pure bright oil depends partly on 
the purity of the linseed oil, partly on the nature of the 
drier, and also on the temperature at which the oil is 
maintained whilst settling. Definite statements cannot be 
made ; but if the mixture is sufficiently warmed and the 
drier of good quality, the oil brightens completely. The 
clear oil is then drawn off from the foot, which is collected 
in other vessels and allowed to remain at rest, so that more 
clear oil may separate. 

The preparation of boiled linseed oil at temperatures 
between 130° and 140° C. — In this process the oil is heated 
in a pan to 130° to 140° C, and maintained at this tem- 
perature for 3 or 4 hours — a period sufficient to give a 
good product. All the driers may be used, but again the 
resinates and oleates are especially applicable ; they are added 
to the oil either from the commencement of the opera- 
tion, or after it has been heated for 3 or 4 hours at 130° 
to 140° C. In the former case darker and more viscid oils 
are obtained, in the latter the boiled oil is paler in colour 
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and more fluid. The drying power is the same in both cases, 
and there is also no great difference in the hardening of the 
oiL When manganese borate is used, the temperature should 
neyer exceed 130° C, if pale boiled oil is required. In 
order to obtain a very pale oil, so-called " zinc-white boiled 
oil," the oil is heated to 270° C, and when cold separated 
from the deposit, heated to 130° C, and the manganese 
borate, ground in a little linseed oil, added with stirring. 
This process is sufficient to yield a pale boiled oil, which dries 
well. 

The proportions of the driers to the linseed oil are as 
follows : — 

Litharge, finely ground . . . . . 2*5 per cent. 

Red lead . . . . . . . ' 2*5 

Litharge, 1*5 per cent. ; red lead, 1 per cent. . =2*5 
Litharge, 1 per cent. ; dehydrated lead acetate, 

2 per cent =3*0 

Pyrolusite . . . . . . . 5*0 

Manganous borate . . . . . . 1*5 

Manganese resinate, precipitated . . 1 '5 

„ „ fused .... 3-5 

Manganese or lead oleate .... 2*5-3 



>5 



if 



Liquid driers may also be used when the oil is heated to 
130° C. ; the maximum quantity should be 5 per cent., in 
order to obtain an oil drying within 24 hours. It should 
be remarked that all liquid driers obtained from lead plaster 
cause a considerable amount of foot, to which fact regard 
must be given. 

There is no danger in working at 130° to 140° C. ; it is 
. only necessary in using pans heated by fire, not to fill them too 
full or heat too suddenly, so that the oil does not froth up — 
especially when it contains much water — and, flowing over 
the side of the pan, reach the fire. The oil in the pan can 
never take fire. 
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The preparation of boiled linseed oil at temperatures 
between 230° and 270** C. — With care and forethought this 
method of boiling oil also is without danger, since the boiling 
point of linseed oil is not attained, and the temperature of 
ignition (400° C, or above) lies far higher. The arrangements 
for heating have been mentioned previously. The quantity of 
driers is maintained within the permissible limits ; they are 
introduced either when the oil is first heated or after it 
has been maintained at 270° C. for 3 to 4 hours, and has 
cooled down to 130° or 140° C. Not much remains to be 
said about this process ; it is very similar to the immediately 
preceding. The boiled oil is generally dark and viscous, and 
possesses a somewhat unpleasant smell. In boiling linseed 
oil at high temperatures there is danger that men, who are 
continuously employed, may contract lead poisoning. Pre- 
cautions should be taken, and the men changed at intervals. 

The preparation of boiled oil by means of steam. — 
Either steam at a usual pressure or superheated may be used 
for boiling linseed oil. Several suitable forms of apparatus 
are described below. The process is very similar to the two 
previously described ; the oil is heated for the same length 
of time, and a similar quantity of driers is used. The boiling 
process is without danger. The oil produced differs in quality 
from other boiled oils only in possessing generally a paler 
colour ; it does not dry more slowly or more rapidly. 

Jacketed pans, — Steam-jacketed pans, which are particu- 
larly suitable for preparing pale boiled oil, are made of boiler 
plate 4 to 5 mm. thick, capable of resisting a steam pressure 
of 4 J to 5 atmospheres. The steam is supplied from the 
boiler by means of a single steam pipe. Each pan has a 
safety valve, and one of the two is provided with an exit 
pijpe for the steam, and with an outlet for the condensed 
water, both provided with cocks. Steam enters the apparatus 
first by c' into the pan B (Fig. 18), and thence proceeds into A. 
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in their long course, are not inflammable when cold. A 
further protection against the flame striking back is obtained 
by placing fine wire gauze at the point where the vapours 
enter the ashpit under the bars of the superheater ; the wire 
gauze performs the same function as in the miner's safety 
lamp. By this simple arrangement the process is made 
practically free from smell. 

In boiling linseed oil by means of superheated steam 
there is practically no danger of the oil boiling over ; but 
such an accident would entail material loss, therefore, in 
order to avoid every possibility, the pan is provided with an 
overflow pipe of sufficient width, which conveys the oil with- 
out any loss or damage to a tank at one side, where it cools. 

In order to utilise to the greatest extent the heat of the 
steam, which leaves the coil of the boiling pan still hot, a tank 
is arranged at a higher level, in which the oil is heated for 
the next boiling. The process is thus made very econom- 
ical, and the capacity of the apparatus is considerably 
increased, since the time is saved which would be required 
to heat up the oil in the pan from the ordinary temperature 
to that at which it leaves the preliminary heater. Another 
advantage of the preliminary heating of the oil, not to be 
despised, is that the- pan is saved frequent great changes of 
temperature. 

Apparatus for boiling linseed oil and removing the 
vapours. — The vapours may be drawn from the boiling 
pan by means of an arrangement consisting of a system of 
pipes with water tanks and jets (Korting's patent) intro- 
duced in the pipes at intervals. In the figure (21)* the 
use of the jets is represented diagrammatically ; a is the 
boiling pan, & the hood to catch the vapours. The system of 
pipes c, d, /, g, A, i communicates with the upper part of the 
hood. At the commencement of each of these pipes are jets 
k, k, . , , which are connected with a system of water pipes 
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Z, so that each has a branch pipe and tap. At the exits of the 
pipes c and h, or what is the same thing, the entrances to the 
pipes d and i, are the water tanks m and wi\ which collect 
the sprayed water and the precipitated oil particles. Be- 
neath the tanks are the drainage pipes n,n , . . The system 
of pipes may be arranged in many different ways ; it is pro- 
portioned to the requirements and to the number of jets h. 
To prevent the pipe c from burning, the hood h is surrounded 
by a water jacket o. At the entrance to the last pipe i a 
pipe p, with widened mouth, is placed so that the water 
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Fig. 21. — Apparatus for condensing the Vapours evolved in boiling Linseed Oil. 

projected from the jet 1^ may flow back into the tank m^ 
without hindering the exit of the gases. The exhaustion of 
the gases above the pan a is proportioned to the needs of the 
moment, so that the vapours never escape the hood 6 ; the 
room then remains free from noxious vapours and smell. 
The apparatus works as follows : — The vapours evolved from 
the pan a are exhausted by means of a draught created by the 
jet k ; they are then intimately mixed with the spray pro- 
duced by the jets, by which they are cooled and precipitated. 
The volatile vapours condense and collect in the tanks m 
and m^ 
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a current of heated air may be led into the oil ; it is divided 
into small bubbles by means of the plate C, which is per- 
forated by small holes. Hydrogen peroxide and a con- 
centrated aqueous solution of zinc chloride are introduced 
into the oil as a fine spray by means of the current of 
air; the former is contained in the vessel H (Fig. 26), the 
latter in I. The pipe K introduces a current of steam or, 
better, of compressed air into the sprayer. The air forced 
into the oil from E by means of the pipe E thus carries both 
liquids in fine spray. Whatever portions of the spray are 
not carried away by the air current deposit on the bottom of 
the vessel E, and are drawn off from time to time by the 
taps S. A diaphragm is provided at the bottom of the 
vessel E, so that the two deposits may mix as little as 
possible. The operation is continued until 0*5 kilo, of 
hydrogen peroxide and 1*2 kilos, of zinc chloride solution 
have been used to 100 kilos, of oil. These substances are 
introduced into the oil in a very finely divided condition, 
and are very intimately mixed with it by means of the 
stirrer. The zinc chloride exerts a refining action, the 
hydrogen peroxide a bleaching action, and in addition the 
oxygen of the air an oxidising action, which converts the oil 
into " varnish." 

Livache's process for preparing a good drying oil 
AND ITS PRACTICAL APPLICATION. — The proccss of Livache 
for treating linseed and other drying oils in the cold with 
unoxidised finely divided metallic lead, obtained by the 
action of metallic zinc on lead acetate solution, is based 
upon his researches on the absorption of oxygen by the 
drying oils. 

The process and proportions for 100 kilos, of linseed oil 
are as follows : — 3 kilos, of lead nitrate are dissolved in 
15 litres of water, 6 to 7 c.c. of nitric acid are added, and 
then about 600 grms. of zinc in strips. The precipitated 
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lead is brought into a large vessel containing bundles of 
wood fibre and rapidly washed with water, an operation 
which is several times repeated. The water is then poured 
off and a small quantity of linseed oil added, which is 
absorbed by the porous lead and displaces the water. 
When the water has been removed the mixture of lead 
and oil is poured into 100 kilos, of linseed oil. The 
mixture is continuously stirred ; if a mechanical stirrer is not 
employed the oil and lead are brought into a barrel, which 
is violently rolled about. Immediately the oil comes in 
contact with the air and is oxidised, it acquires a red colour. 
If the operation has been properly performed the oil is 
as fluid as at the commencement ; it contains a small 
quantity of lead, and dries in 24 hours. It is of advantage 
to introduce a manganese salt into the treated oil. For 
this purpose a very soluble manganese salt, manganese 
nitrate, is added to the oil, in the proportion of 1*5 kilos, 
to 100 kilos, of linseed oil ; the oil is well shaken or stirred 
several times during 2 or 3 days, it is then allowed to 
settle and drawn off when clear. It contains an excess of 
lead nitrate, which indeed makes it dry but leaves it turbid ; 
750 grms. of precipitated lead are added and the oil well 
stirred. After standing and drawing off, the oil is quite 
bright ; when exposed to the air in thin layers it dries in 
6 hours. It should be observed that the oil acquires, in 
consequence of the presence of manganese, a brown colora- 
tion during drying, which soon disappears and then leaves 
the layer completely colourless. According to Livache, some 
manufacturers who employ this process have found in certain 
cases that the dry layers of oil were somewhat soft, which 
may perhaps be due to the presence of small quantities 
of glycerin. The drawback is removed by heating the oil to 
a moderate temperature after it has been treated. 

Livache makes the following further remarks in regard to 
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his process : — The study of the action of certain finely divided 
metals upon the drying oils has shown that the drying 
power is considerably increased when lead is used, and 
also in much smaller degree when copper is employed. The 
other metals precipitated from solutions of their salts have no 
appreciable action. On the large scale, oils with the maximum 
drying power are made by means of red lead or litharge ; 
manganese is preferred in the form of borate. These facts 
have led to endeavours to introduce into the drying oils 
either the manganese compounds or the different metals, the 
action of which is to be investigated, without using them in a 
condition of the finest division. This object may be accom- 
plished by treating a drying oil, made by the ordinary 
process or by means of finely divided lead, with the solu- 
tion of a salt which produces an insoluble lead salt by double 
decomposition. For example, if linseed oil which has been 
treated with metallic lead, and thus contains that metal in 
solution, be treated with an aqueous solution of zinc sulphate, 
an oil results which no longer contains lead, but in which the 
presence of zinc can be clearly shown. Similarly, by using the 
sulphate of manganese, copper, etc., an oil is obtained in 
which the lead has been replaced by manganese, copper, etc. 
In this manner numerous experiments were made ; the results 
obtained in regard to drying power are as follows : — 

If an oil, which has been treated with lead, dries on glass 
in 24 hours, another portion of the same oil, in which 
the lead has been replaced by manganese, dries in 5 to 6 
hours. If the lead be replaced by copper the oil dries in 
30 to 36 hours ; by nickel, iron, chromium, etc., in 48 hours. 
In treating the oil, under the conditions given, with solutions 
of salts, such as manganese sulphate, an emulsion is obtained 
from which the oil separates very slowly. Towards the end 
of the operation the oil must be gently heated to facilitate 
the separation. In order to avoid this inconvenience, Livache 
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added powdered manganese sulphate to the oil treated with 
lead, and obtained an oil which, after treating for some tixae 
at the ordinary temperature, possessed extraordinary drying 
power and was obtained clear by a simple decantation. Thus 
the same result was obtained by the use of dry salts, but the 
oil contained not manganese alone, but lead also. How is 
this process to be explained ? When raw linseed oil is 
treated with solid manganese sulphate no increase of drying 
power is obtained, although the oil has dissolved a certain 
quantity of the salt. But if an oil is taken which contains 
dissolved lead, a double decomposition occurs, the lead is 
replaced by manganese and an insoluble lead salt is pre- 
cipitated. The process is similar to that which occurs on 
the large scale when manganese borate is allowed to act. 
Whatever process be used to introduce a manganese salt into 
a drying oil, the product dries in thin layers, as we have said, 
in 5 to 6 hours ; if thick layers of dried oil be required, 
the operation requires months at the ordinary temperature. 
The oil may be thickened by destroying the skin as soon as it 
is formed, and thus allowing the air to have continual access, 
by which means the oxidation proceeds, but complete 
solidification is attained only with difficulty. When heat is 
applied the action proceeds more rapidly, but always requires 
a long time to reach the condition of complete solidity. 

The practical value of Livache's process for producing 
boiled oil or a " good drying linseed oil," which makes it 
entirely suitable for manufacturing purposes, has not hitherto 
been sufficiently appreciated. The incomplete accounts of 
the process which have appeared in various periodicals do 
not seem to have borne friiit. Yet by this process it is 
possible to make linseed oil of good drying properties, which 
not only dries rapidly, but also always dries in a certain time 
— which depends upon the quantity of driers — when applied 
in layers of the same thickness, whether the atmosphere 
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be moist or dry, or the temperature 10° or 35° C. This 
oil possesses, at the same time, another considerable advan- 
tage over oils prepared by boiling, or rather, by heating : it 
is merely linseed oil which has been made, by means of 
the additions, capable of absorbing oxygen and drying ; 
it has not been chemically altered by heating to a higher 
or lower temperature with lead, manganese, or other 
compounds. For this reason it offers, when dried in thin 
layers, a far greater resistance to the destructive action 
of the atmosphere than true boiled oil. Paints prepared 
with this drying linseed oil, which has not been chemically 
altered, are far more durable. 

The defects, which the products of Livache's process are 
supposed to possess, are their content of lead and a certain 
stickiness, which does not completely disappear after long 
drying. These defects have no real existence. In the first 
place, the quantity of lead actually introduced into the oil 
is very small, barely 0*25 per cent., since the greatest 
quantity added is only 1 per cent., of which at most only one 
quarter is dissolved, whilst the remainder sinks to the bottom. 
In the second place, the softness, which is peculiar to aU un- 
boiled oils, may be readily removed by heating to 270° C. 
before treatment, when the substances which prevent the oil 
from hardening are separated. It should also not be forgotten 
that the 0*25 per cent, of lead may be still further reduced 
by treatment with another metallic compound. The objec- 
tions, which have been recently urged against the lead 
contained in boiled oil, are applicable only in those cases 
in which the linseed oil has been overloaded with lead, or 
in which lead compounds have been used, as, for example, 
crystallised lead acetate, which may injure the oil by reason of 
other compounds which they contain (acetic acid). Linseed 
oil which has been boiled with 3 to 5 per cent, of lead 
oxideSj often at the much too high temperature of over 
J3 
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300° C, and which contains, in the form of lead oleate, the 
greater portion of the lead in those compounds, may be of 
short durability under certain conditions, but the durability 
of linseed oil cannot be increased or diminished by a quantity 
of lead which is 0*25 per cent, at the maximum. For tbese 
reasons alone, quite apart from the very simple method of 
preparation, the author recommends the introduction, of 
Livache's method. If the linseed oil be heated to 270*^ C, 
as previously mentioned, allowed to cool, separated from 
the deposit, and then transformed by Livache's method 
into a " good drying oil," coatings of the oil, with or without 
a pigment, will dry well and hard, and will never be sticky. 

Now, in regard to the practical application of this 
process, objections have also been raised, based upon the 
supposed complicated method for preparing the lead powder, 
which is not thought suitable for the large scale. One would, 
however, think that such a simple chemical process as the 
precipitation of a metal from a salt solution, washing and 
drying, would never offer serious difficulties. The whole 
operation is very simple, as we shall shortly see, and can be 
carried out by an ordinary labourer without special super- 
vision. 

The production of the lead powder is divided into the 
following operations : preparation of the lead acetate solution, 
introduction of the zinc strips, and removal of the deposited lead, 
washing, drying, and powdering. The lead acetate solution is 
prepared by stirring 1 parts of crystallised sugar of lead with 
7 parts of water. When solution is complete, strips of clean 
sheet zinc about 10 cms. wide are hung in the solution, the 
end of each strip being bent into a hook, which is hung over 
the side of a vessel in which is the lead acetate solution. 
Immediately the zinc is dipped in the liquid it becomes black, 
and in a short time is covered with crystals of lead, which 
drop off or may be removed by hand when present in 
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sufficient quantity. Thus fresh surfaces of metal are pre- 
sented to the lead acetate solution, the sheet becomes 
gradually thinner, and finally quite disappears. Metallic lead 
and a solution of zinc acetate have been formed. When the 
zinc is dissolved, fresh strips of metal are hung in the liquid ; 
they are renewed until all the lead has been separated from 
the solution, which is the case when a clean strip of metal 
dipped in the liquid does not become covered with the black 
coating. The lead lying at the bottom of the vessel is now 
collected, brought into a vessel with clean water, well washed, 
fresh water added, and the washing continued until no 
reaction for zinc acetate is perceptible. The water is then 
poured off, the lead well pressed in the hands and spread out 
to dry upon a flat surface, which is best exposed to the 
action of the sun. The lead may also be completely dried in 
a short time upon plates of gypsum or clay, which readily 
absorb water. The dried lead is now ground to the finest 
powder in a mill (" Excelsior Mill ") ; in this form it has the 
greatest activity, it should be kept in well closed vessels. 

Lead is converted into the form of powder for electrical 
purposes by means of a jet of steam ; this product may be 
used in Livache's process when the method of preparation 
given above appears too complicated, which it in no way is. 

In preparing lead powder od a large scale by pre- 
cipitation from lead acetate solution, the solution of zinc 
acetate obtained should not be run away, but should be 
concentrated, evaporated to crystallisation, and the salt sold. 
The cost of the process is then considerably reduced. 

Now to consider the preparation of the drying oil itself. 
In the first place, it should be observed that Livache added 
the lead in the wet state to the oil ; the author's numerous 
experiments have shown that this is not necessary, he 
endeavoured from the first to avoid the use of wet, that is, 
of freshly precipitated lead, well knowing the difficulty of 
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brightening an oil which contains water in a state of fine 
division. The desired result is obtained with dry lead powder, 
but not with lead clippings or fine filings, which have no 
action upon linseed oil. 

The largest quantity of lead powder which is added to 
the oil is 1 per cent., which is sufficient in conjunction with 
other oxygen compounds to impart to the oil the greatest 
attainable drying powder, that is, to make it dry hard in 
thin layers in 5 hours. This, or indeed any quantity of lead 
powder, has another action upon the oil in addition to im- 
parting to it the capacity of absorbing oxygen from the air. 
In contact with the atmosphere, in thin layers of about 2 to 3 
cms. deep, the oil is considerably thickened, and also bleached 
almost colourless in a very short time, often in a few days. 
This property of the lead powder does not seem to have been 
observed by Livache, at least there is no mention of it in his 
communications, yet it is very characteristic. It is evident in 
larger quantities of oil kept in- loosely corked bottles, so that 
even the dark oils, treated with the largest quantities of lead 
powder and other metallic compounds, thicken appreciably in 
several weeks and become paler. There is no doubt that 
light plays a very considerable part in the change. 

The author's numerous experiments as to the quantity of 
lead powder to be used have shown that larger quantities 
than 1 per cent, are quite useless, and do not further increase 
the drying power. This is again a clear proof that the limit 
of the greatest drying power of linseed oil is well defined, and 
that additions of substances, which transfer oxygen, beyond a 
certain point have no effect upon the drying power, and 
merely serve to overload the oil with metallic compounds, 
which may injure the quality and durability of dried coats 
of the oil. 

If raw linseed oil, which has been tanked or heated to 
270° 0. and then separated from the deposit, be treated 
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witb 1 per cent, of lead powder for 24 hours with 

frequent stirring (in the case of small quantities by shaking 

in bottles) and then left to rest, the lead powder undissolved 

by the linseed oil in the given time separates together with 

certain impurities from the oil. The latter becomes pale and 

clear, and dries in thin layers upon glass or iron in 24 hours 

to a hard skin, which adheres well and is at the same time 

quite bleached, so that even a pure white paint would show 

no yellow tint. If linseed oil treated in this manner be 

ground with pigments, the paint would dry in 24 hours 

\vith an indifferent pigment ; in 6 to 1 8 hours with lead 

pigments; and in 24 to 48 hours with those pigments which 

are known to retard the drying of boiled oil. Smaller 

quantities of lead powder than 1 per cent, produce an oil 

which dries in a correspondingly longer time ; with less than 

0*5 per cent, no difference can be observed from linseed oil 

which has not been treated with lead. Thus there is a 

minimum as well as a maximum for the quantity of lead 

powder. 

If there be added to the oil, along with the lead powder, 
another metallic compound which is known to act as an oxygen 
transferrer, e.g. manganous borate, chemically or technically 
pure, or precipitated manganese resinate, the drying power 
is considerably increased, which is due to the manganese. 
Thus linseed oil treated with 0*75 per cent, of lead powder 
and 0*75 per cent, of manganese resinate gives a product, 
tolerably pale in colour, which dries quite hard in thin layers 
in 9 hours ; with 1 per cent, of lead powder and 1 per 
cent, of precipitated manganese resinate the oil is at first 
comparatively pale, but darkens in a few days, its drying 
power is considerably increased ; thin layers dry in 5 hours. 
More rapid drying cannot be obtained in this manner or 
by any method at present known. This is most clearly 
shown by the liquid driers, which are made by boiUng 
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linseed oil with 60 to 70 per cent, of lead oxides and diluting 
with turpentine, without which dilution a soft sticky mass, 
drying very slowly, would result. 

The following products may be obtained by modifications 
of Livache's method : — 

1. Linseed oil drying in 24 hours. 

2. Very pale, almost white, linseed oil. 

3. Very pale thickened linseed oil, reaching to the con- 
sistency of stand oil. 

4. Linseed oil drying in 12 hours. 

5. Linseed oil drying in 9 hours. 

6. Linseed oil drying in 5 hours. 

7. Thickened linseed oil drying in 5 hours. 

The principle of the methods by which these 7 
products are obtained is the same ; the very pale and 
thickened oils require a further treatment, which is still to 
be mentioned. The author proceeds as follows : — Good 
tanked linseed oil, or linseed oil which has been heated to 
270° C, cooled and separated from the deposit, is well 
mixed in the proportions, which will be given later, with the 
lead powder and the other driers, which have been stirred 
with a little linseed oil. An enamelled iron pan, a large tank 
or some similar vessel, is used, in which the oil is stirred at 
intervals of 1 hour during 24 hours by means of a stirrer 
driven by manual or mechanical means. It is then allowed 
to settle, so that it may become completely bright and clear, 
for which 4 to 10 days are required, according to the 
quantity; as a rule, 400 to 500 kilos, will brighten in a 
tank in 4 to 5 days. In this process the temperature 
of the oil, that is, of the room in which the process is 
conducted, is important. An experience of many years has 
shown that a temperature of 18° to 20° C. is the most 
suitable at which to effect the action of the driers upon the 
oil ; higher temperatures do no harm, but have no appreciable 
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advantage, whilst temperatures below 18° to 20° C. con- 
siderably hinder the transformation and make the brighten- 
ing of the oil unnecessarily prolonged. At favourable times 
of the year a temperature of 18° to 20° C. will prevail in 
most rooms, in winter the room should be warmed by steam 
or fires, if rapid preparation of the oil is important. 

The clearing process is considerably shortened if the oil 
is filtered, for which purpose the tube-filter, originally known 
as A. K. Stonner's, is suitable ; it delivers large quantities of 
clear bright oil at a relatively small cost. In filtering that 
change is completed, which is peculiar to this process, namely, 
the darkening of the treated oil. All oils treated .with the 
lead powder and other metallic compounds differ little, 
immediately after clearing, in colour from the original oil, 
but on standing, under the influence of air and sunlight, 
they become darker after a longer or shorter time ; in the case 
of the oil drying in 5 hours, a product is obtained of a deep 
yellowish-brown colour, which is regarded by many consumers 
as a sign of " well boiled " linseed oil. This change proceeds 
in filtering, and at the same time the oil acquires the peculiar 
smell, which otherwise it would only obtain by long tanking, 
and which indicates to the experienced observer whether the 
oil has been boiled or prepared in the cold way. In the case of 
linseed oil which has been previously heated to 270° C, this 
smell does not develop, or not to the same extent. The 
smell is in no case such as to hinder the use of the oil, and 
is merely to be regarded as a characteristic sign of signi- 
ficance to the experienced. 

1. Linseed oil drying in 24 hours. — 

100 kilos, of tanked linseed oil, or oil heated to 270° C. 
1 kilo, of lead powder. 

If this oil, before it has settled, be placed together with 
the lead powder in shallow open vessels, in a layer of about 
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10 cms. deep, and exposed to the action of air and sun for 
about 14 days, there is obtained — 

2. Very pale, almost white, oil. — This oil may be used 
for grinding the finest white paints : zinc white, white lead, or 
permanent white ; quite white coats will be obtained. The 
bleaching process will continue without any further additions ; 
in particular, the use of water is avoided, which causes much 
loss in bleaching oils. The oil may also be bleached by- 
keeping in flat glass bottles, but a longer time is then 
required. 

3. Very pale linseed oil, thickened to the consistency 
of stand oil. — The preceding oil, like all those prepared by 
Livache's process, thickens when exposed to the action of air 
and light. The same thickening occurs with ordinary boiled 
oil, and even with raw linseed oil, but it requires a very long 
time, and does not take place to the same degree. 

In order to thicken the oil which dries in 24 hours, it is 
exposed in very shallow vessels in a layer 4 to 5 cms. deep 
for about 8 days, any skin which forms being removed, • so 
that the air may have unrestricted access to the oil. The 
thickening is almost visible from day to day ; when it has 
proceeded to the desired extent, the process is interrupted, the 
oil drawn off and preserved in tanks. To prevent dust from 
collecting, insects from falling in, and the oil from becoming 
dirty, the surface may be covered, at a distance of 4 to 5 cms., 
by a sheet of glass, or closely woven canvas may be stretched 
across. Air and light have then free access, and the oil 
remains clean. The thickened oil is very pale in colour, 
thick, and of good drying power. 

The three varieties of oil next following are treated by 
Livache's process, not with lead powder alone, but with 
metallic compounds in addition. All the manganese com- 
pounds used as driers may be employed, the borate, acetate, 
carbonate, etc., zinc sulphate, etc. The author has obtained 
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the best results with manganese resinate, which is used in the 
f oUowing processes :— 

4. Linseed oil drying in 12 hours. — 

100 kilos, of tanked linseed oil, or oil heated to 270" C. 
0*5 kilo, of lead powder. 
1*5 „ precipitated manganese resinate. 

5. Linseed oil drying in 9 hours. — 



100 kilos, of tanked linseed oil, or oil heated to 270** C. 
0*75 kilo, of lead powder. 
0*75 „ precipitated manganese resinate. 

6. Linseed oil drying in 5 hours. — 

100 kilos, of tanked linseed oil, or oil heated to 270** C. 
1 kilo, of lead powder. 
1 „ precipitated manganese resinate. 

All the operations proceed in the same manner with all 
three oils, in the same time and at the same temperature. 
There is no difference in the colour of the oils immediately 
after they are bright. Under the action of light and air the 
colour changes, the oils become darker ; the oil drying in 5 
hours darkens most, the others less. This change of colour is 
not due to the action of the lead powder, but of the manganese 
resinate, for it occurs in the absence of the former substance. 

The formation of a precipitate in the oil, generally known 
as a " foot," is extremely small, and frequently barely reaches 
1 per cent.; it is rarely more than 2 per cent. Since the 
manganese resinate dissolves completely in the oil, we may 
assume with a fair degree of accuracy that the original 
quantity of raw oil is obtained as boiled oil or drying oil. 
But since the foot may be used together with the oil in 
grinding paints, there is really no loss in the process, which is 
to be regarded as the simplest and cheapest of all known 
methods for preparing boiled oil. 

In the course of time, especially when air and light act 
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without obstruction, the oil which dries in 5 hours undergoes 
a change ; it becomes appreciably paler, finally even paler 
than the original raw oil, and becomes so thick when exposed 
to the air that it is converted into 

7. Pale thickened linseed oil drying in 5 hours. — 
This oil is made in the same manner as the oil described under 3. 

This, the author's, practical experience of the use of 
Livache's method in preparing boiled oil is first published 
in this place ; the author hopes that it will be appreciated 
as its advantages deserve. 

The preparation of " boiled " linseed oil by means of 
ozone and electricity. — In view of the increasing applica- 
tion of electricity in chemical industries, it is hardly surprising 
that it should be used for refining the drying oils and preparing 
boiled oil, for which purpose ozone is destined to play an im- 
portant part. More than 1 5 years ago Schrader and Dumcke 
found by a number of experiments that it is only necessary to 
act with ozone upon raw linseed oil for a short time in order to 
bleach and thicken the oil simultaneously. The bleaching is 
completed when the ozonised oil is afterwards exposed for a 
day to the action of air and light. The " varnish " resulting 
from raw unbleached linseed oil is said to be water- white and 
to dry well ; it is rapidly obtained in the cold without loss or 
danger. The gas is aspirated or forced through the oil in 
suitable vessels ; any source of ozone which gives a good yield 
may be used. Later, Graf & Co. took out a patent for the 
manufacture of boiled oil by means of ozone ; subsequently 
there have been several proposals to introduce ozone and the 
electric current into the manufacture of boiled oil, some of 
which will be given in detail. In ozonising, the current of 
ozone is simply led through the oil contained in a suitable 
vessel. When oil is treated by the electric current, it is 
emulsified with water or acidified water, and kept in con- 
tinual movement. The two poles of the electric circuit are 
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separately inserted -in the liquid through which the current 
then passes. The firm of Siemens & Halske has repeatedly 
equipped such installations in Germany and Austria. 

Process and apparatus for producing ozonised air on 
the large scale. — This process, due to E. Fahrig of London, 
for preparing ozone, or rather ozonised air, on the large scale, 
depends upon the fact that air, which is to be strongly 
ozonised, should (a) be quite pure, {b) contain much oxygen, 
(c) be absolutely dry, and {d) cooled. Air prepared in such a 
manner can only become completely ozonised when the silent 
discharge passes through it in a highly uniform manner. 

According to researches and observations, a very con- 
stant electric current is required to produce ozonised air of 
regular and high efficiency. The methods and apparatus 
previously used for the preparation of ozone are in no way 
suflficient, since they do not fulfil these requirements ; thus air 
ozonised in an absolutely uniform manner can never pre- 
viously have been used on the large scale. The new process, 
which satisfies all requirements, is conducted in the follow- 
ing manner : — Atmospheric air is agitated by some suitable 
arrangement, and then led to a compressor, pump, Eoot's 
blower, or some similar apparatus, which takes in the air 
and forces it under high pressure into a system of pipes. 
The latter conduct the air first to a filtering apparatus, which 
is made to answer a double purpose : on the one hand, mechan- 
ical impurities, such as soot, dust, particles of coal, etc., are 
completely removed ; on the other hand, by the separation of a 
portion of the valueless nitrogen, the air proceeding from the 
filtering apparatus is made considerably richer in oxygen. 
By decreasing the quantity and pressure of the air the 
quality is considerably raised ; it becomes about 2 per cent, 
richer in oxygen than before. The purified and enriched air, 
which is still under sufficient pressure, then goes to a heating 
apparatus, where it is strongly heated, thence to a drying 
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and containing all the impurities escapes at G. The increase 
in the proportion of oxygen in the air is due to the difference 
in the rates of diffusion of gases, which depend upon the 
densities of the individual gases. Air very rich in oxygen is 
desirable in this process ; the number and dimensions of the 
individual filter cloths must be arranged accordingly. The 
outlet G must possess a certain resistance, otherwise the 
whole of the air would escape and none be carried forward 
purified. 

The purified air, rich in oxygen, is now led into the appar- 
atus H, heated in the ordinary manner by means of a steam 
coil ; the air may also be heated by other methods. The 
moisture in the heated air is then withdrawn by means of 
calcium chloride or pumice and sulphuric acid. The drying 
is completed in the chamber J, which contains dishes filled 
with strong sulphuric acid, arranged as shown in Fig. 27 so 
that the air always impinges upon the surface of the acid, flows 
along it, and then reaches the next dish, which it passes in the 
same manner. The air leaving this chamber, completely dry 
and still hot, is then cooled in a long system of pipes L to about 
4° C, whence it passes to the ozonising apparatus P P^ P^ P^ 
where it is subjected to the action of the silent discharge. 
The parts of the ozonising apparatus are joined together in such 
a manner that the air may pass through two or more at the same 
time, and thence into the last two parts, which it traverses in 
succession. The number of similar parts arranged in parallel 
may be varied, but after these not more than two should be 
placed, since experience has shown that further ozonisation 
does not occur, but rather that the ozonised air loses activity. 

The difficulty, previously mentioned, of providing the 
high tension induction current necessary for ozonisation, 
is overcome by employing an alternating current dynamo 
M, excited by the constant current dynamo N. The 
former supplies a uniform current to the transformer O, 
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which by its pecuHar construction, especially in regard to 
the use of masses of iron, can neither become heated nor 
produce a current of higher ten- 
sion than is necessary for the 
purpose. 

The current produced in this 
way is utilised in the ozonising 
apparatus P P.^ P^ P^, shown 
in Fig. 29, in which P and P^ are 
in parallel, and thus simultane- 
ously traversed by the air, whilst 
P*^ and P^ are in series, one after 
the other, and thus cause to a 
certain extent compression of the 
air passing through them. 

The single parts of the ozonis- 
ing apparatus (Fig. 30) are so con- 
structed that the silent discharge 
acts from the greatest possible 
surface and in the most uniform 
manner. The luminosity in the 
apparatus, which can be observed fig. 29.— Apparatus for the Pro- 
through spy holes, has different ^^«*^i°° ^^ Ozonised Air. Ozon- 

ising Apparatus. 

shades, according to the stage 
of the ozonisation. Thus 
the process can be followed 
and controlled by altering 
the current of air or the 
strength of the charge. The 
ozonised air passes through 
the pipe Q into the gas holder 
K, in which it is collected 

over water covered by a layer Fig. 30.— Apparatus for the Production 

of oil. 
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The advantage of this process consists, in the first place, 
in the production of air extremely suitable for ozonisation, 
characterised by complete purity and dryness and a high 
proportion of oxygen. Further, the preparation of ozone by 
this process does not necessitate the use of oxygen, but air, 
even if impure, may be used. The problem of the continuous 
production of a constant induction current of very high 
tension has been solved in a remarkably simple and success- 
ful manner. 

Process of Miithel and Liitke. — In this process the 
drying oils are treated with gases, or mixtures of gases, which 
have been previously subjected to the action of electricity — 
highly oxidised and easily decomposable oxygen compounds, 
which at a low temperature are decomposed into nascent oxygen 
and lower oxides. The oxygen then oxidises the fatty acid 
compounds with which it is in contact. The following gases 
may be used in this process : a mixture of equivalent volumes 
of chlorine and steam, sulphur dioxide with air or oxygen in 
excess or in equivalent quantities, sulphur dioxide and nitrous 
acid, nitrogen and oxygen with steam, nitrous oxide with air 
or oxygen. 

Some one of these mixtures of gases is subjected in the 
apparatus represented in the figure to the continued action of 
a powerful, dark electric discharge, by which the oxidation is 
carried to the highest point, if a sufficient quantity of the oxygen 
compound be present. A definite formula cannot be given for 
the product, since its chemical composition varies within wide 
limits with the quantities of the gases acting upon one another. 
For example, Clg reacts with HgO producing 2HC1 + ; in 
the action of upon SOg the two gases must be present in 
such relative volumes that SgOy may be formed. 

It appears to be advantageous, in order to produce the 
highest degree of oxidation, to allow the oxygen compound to 
act in excess upon the oxidisable gas. The apparatus used 
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diminished pressure. The paddle wheel C, driven by the 
engine, brings oil and gas into intimate admixture. By this 
means the decomposition of the fatty acid compound is remark- 
ably accelerated, and in a relatively short time a pale fluid oil 
is obtained, which readily dries in the air to an elastic and solid 
mass. With the same success is used a mixture of nitrous 
oxide with air in the proportion of 2 to 1 J by volume, or 
even nitrous oxide alone is employed. 

The use of the other gaseous mixtures already mentioned 
is not excluded ; the object is always to produce, by means of 
electric discharges, nascent oxygen or highly oxidised oxygen 
compounds, which latter are decomposed only when they 
come in contact with the hot oil. 

The products of decomposition, mixed with a small portion 
of unused gas, drawn away by the air pump, may either be 
regenerated or simply led under the fire-bars of the boiler. 
When the oxidation is finished, which is recognised from test 
portions, the introduction of gas is discontinued, the stirrer 
stopped, and after some time d is closed, whilst e is opened, 
steam then enters, which first fills the vacuum, and then, / being 
opened, drives the oil into the apparatus W, half filled with 
slightly ammoniacal water, heated by the steam which passes 
through the coil S' after leaving S. The oil rises through the 
liquid and is freed from adhering acid, it is then forced 
through h directly into the storage tanks, if it is not thought 
advisable to cool it previously. 
'^C Storage of boiled oil. — All boiled linseed oil, by what- 

ever process prepared, is more or less tm-bid, owing to the 
constituents of the oil (mucilage, albumin, etc.) separated 
by the driers and also to the insoluble portions of the driers 
themselves. In the case of litharge, red lead, undissolved 
lead oxide, and metallic lead remain ; in the case of man- 
ganese compounds, lower oxides of this metal ; in the case of 
resinates and oleates, undissolved portions of these substances. 
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A turbid oil is not attractive to the buyer. For immediate 
use the turbidity is of little account, since the foot is also 
ground into paint. In order to obtain a saleable product, 
boiled oil must be cleared, wliich is generally done by storing 
in barrels or, l)etter, in large micovered iron or wooden tanks. 
The finished oil is brought as cpiickly as jmssible into the 
storage vessels, the oils prepared by heating as hot as is 
permissible, and there left at rest. The oil brightens 
according to the (piantity and to the temperature in the 
storeroom in 8 to 14 days, the impurities settle to 
the bottom, and the pure oil is either drawn away or 
run off by means of a tap at a proper height in the 
tank, and brought into vessels for storage or delivery. 
Upon the bottom of the tank is found the foot, more or less 
viscous, and often still containing oil. This deposit is col- 
lected in vessels for the purpose, and left at rest ; after some 
time clear oil rises to the surface, whilst the foot becomes 
more and more compact, and no longer gives up fluid. This 
by-product can be used in i)aint grinding and prei)aring 
cements, and also in the manufacture of soap. By means of 
powerful presses all the remaining oil in the foot may be 
pressed out and the residue used as fuel, for which it is very 
suitable. 

All boiled oil, with whatever drier prepared, suffers 
change on long storing. The alteraticm is not always the 
same ; with the same oil different results are obtained, accord- 
ing to the temperature and the varying action of air and of 
light. 

All oils obtained by heating produce a deposit on long 
keeping, although they may be (piite pure, quite clear and 
bright at first. The (quantity of this deposit varies with the 
nature of the oil and of the driers. Oil boiled with lead 
gives, as a rule, more deposit, manganese oil less, oil prepared 
with manganese resinate the least, and in the latter case the 
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oil prepared in the cold gives still less. This formation of 
deposit may take place to such an extent that more than a 
quarter of the oil becomes thick and turbid, without any 
clear explanation of the cause being possible. According to 
W^eger, the formation of a deposit is connected with the 
decrease in drying power ; the manganese boiled oils prepared 
by him were all bright, and had formed no deposit, or merely 
a trace. Of the oils boiled with lead and manganese com- 
pounds, those kept in closed vessels were bright, those in 
open vessels were turbid ; the oils which had been heated 
showed almost no deposit (this is contrary to the author's 
experience). Oils prepared in the cold give less deposit 
when kept in open vessels than in closed. Weger deduces 
the connection between formation of deposit and decrease of 
drying power from the fact that manganese oils do not 
appreciably diminish in drying power and form no deposit, 
whilst lead oils, which form a foot, dry less rapidly in the 
course of time. The heated lead-manganese oils form less 
deposit than those prepared in the cold, and also decrease 
less in drying power. There are, however, other influences 
to be considered, in particular the result of excessive oxidation 
by the air, since of the heated lead-manganese oils, which 
always form little deposit, those kept in open vessels decrease 
more in drying power than those protected from the air ; and 
of the oils prepared in the cold, those which form more 
deposit decrease less in drying power than those forming a 
small deposit. From this Weger concludes that a more 
stable incorporation is obtained by gentle heating than by 
working at the ordinary temperature ; in the first case the 
amount of deposit is smaller and the drying power diminishes 
less than in the second. This inconvenience can under no cir- 
cumstances be avoided completely with lead-manganese boiled 
oils, they always decrease in drying power, whether made 
cold or hot, pale or dark, and kept in open or closed vessels. 
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There is, however, less decrease when stored in closed than in 
open vessels, and less with oils prejiared by heating than 
those made in the cold. The formation of a deposit in boiled 
oil during storage is a great inconvenience ; in order to avoid 
delay in sale, it should not be kept in barrels upon the 
ground, they should be placed upon stands, and the oil drawn 
off into clean vessels for despatch. 

Boiled oil also undergoes change in colour and consistency 
during storage. According to Weger's observations, there is 
no difference between boiled oil kept in the light and in the 
dark. The author regards this statement as correct only in 
so far as it relates to a short time and to considerable quan- 
tities, such as might be kept in large round glass bottles ; in 
thin layers, as in flat bottles with a layer of oil 2 to 3 cms. 
thick, and on long standing, all boiled oil is bleached, whether 
made with lead or manganese. The oil made by means of 
lead powder is bleached in a short time, even in thick layers, 
although it may contain only traces of the metal. This is a 
peculiar action of lead which appears to have escaped the 
remark of scientific observers up to the present. The effect 
upon the bleaching of boiled oil kept in open vessels is under 
all circumstances very considerable, whether in the light or 
in the dark, and in this case again the oils prepared 
in the cold with lead powder and manganese resinate may 
be so far decolorised on very long standing that the oil 
becomes almost colourless. Simultaneously with the bleach- 
ing, a thickening of all boiled oils occurs, and this is the more 
considerable the greater the surface exposed to the air. 
According to Weger, heat has no effect here, but will naturally 
assist the change. He regards the alteration as entirely due 
to the action of oxygen and not of light also ; all boiled oils 
kept in clpsed vessels preserved their fluidity. On the other 
hand, the lead-manganese oils stored in open vessels for a long 
time thickened very considerably ; only two of the manganese 
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oils, which were kept for a short time, were observed to thicken. 
Frequently an intentional admittance of air to boiled oil is 
unnecessary to produce thickening, the air in a half -full bottle 
is often sufficient to thicken the oil considerably. A skin 
forms under which the thickening proceeds, so that finally 
quite a viscous product is obtained. All these observations 
concern boiled oil kept for a long time, months, not weeks ; 
after a lengthy period the alteration is perceptible to the eye. 
The smell of boiled oil also undergoes a change ; on long 
storage it becomes at once rancid and ethereal. The causes 
of the change and the reactions which occur have not yet been 
further investigated. The alteration in odour is particu- 
larly evident in a short time in the case of the oils treated 
with manganese resinate and lead powder in the cold. All 
such oils smell distinctly of raw linseed oil immediately and 
for many days after they are made^ and even for months if 
they are kept in closed vessels, but if they are exposed to the 
action of the air, or filtered through filter paper or a tube- 
filter, the odour immediately alters. The smell is now so 
peculiar and characteristic that it serves to distinguish such 
oil, made in the cold, from that made by heating. The oil 
darkens simultaneously with the change in smell ; the colour, 
which was originally, after preparation, and even after 
standing 8 to 10 days, but little darker than that of raw 
linseed oil, at once deepens on filtering and exposure to air, 
and the oil becomes as dark as an oil boiled for a long time 
with litharge. 

The " boiled " oils prepared with liquid driers, simply by 
mixing the two fluids, change in a shorter time, and more con- 
siderably than the boiled oils made by means of solid driers. 
Whether the liquid driers consist of solutions of linseed oil 
lead plaster in turpentine, or of resinates of lead and man- 
ganese in linseed oil or turpentine, makes little difference ; 
both solutions produce in linseed oil, on long standing. 
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a fairly considerable quantity of deposit of whitish or 
yellowish colour, often gritty and friable, whilst the deposit 
formed in other boiled oils consists of fine soft particles. 
Frequently boiled oil made with liquid driers separates com- 
pletely into two layers, a solid portion at the bottom of the 
vessel and an upper liquid portion, pure and bright. 

In the oil made by the modification of Livache's method, 
after brightening, completion of the process, and exposure to the 
action of light and air, there occurs no further formation of foot 
or separation of driers (lead or manganese compounds). The 
oils, however, thicken and bleach in such a manner that, since 
the short duration of the process does not permit the separa- 
tion of solid particles, only a pale oil remains, thick and of 
good drying power, and frequently somewhat opalescent. 

Properties of boiled oil. — The properties which the 
consumer requires in boiled oil intended for use in paint and 
for coating wood, masonry, and metal (generally iron) are com- 
prised in — (1) Consistency ; (2) Colour ; (3) Smell ; (4) Taste ; 
(5) Clearness ; (6) Drying power ; (7) Purity, that is, freedom 
from foreign substances — rosin, rosin oil, mineral oil, boiled 
oil substitutes, and other vegetable oils. In the following 
pages these characteristics will be described as briefly and 
precisely as possible. Although few users of boiled oil would 
test it by taste, yet this property affords an excellent method 
for recognising quickly certain impurities — rosin oil, mineral 
and fish oils, so that it will not be omitted. 

(1) Consistency. — Good boiled oil, in whatever manner pre- 
pared, should be but little more viscous than raw linseed oil, 
otherwise it would not be suitable for forming thin coats of 
paint, and would have to be diluted with turpentine. In 
former years consumers laid great importance upon the thick- 
ness of boiled oil, which they regarded as a guarantee of a good 
drying and well boiled oil ; more recent experience has shown 
that such thick oils have experienced a more or less deep- 
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seated decomposition, since they have been heated for too long 
a time and at too high a temperature. Such oils never 
produce quite hard coats, are applied with difficulty, and 
must be diluted with turpentine. All boiled oils made by 
Livache's method, and at temperatures not above 150° C, are 
thin ; those which have been boiled for a long time, and at a 
high temperature, are, on the contrary, thick. 
^^"v^ (2) Colour. — The colour of boiled oil depends upon the 
method of preparation, the temperature used, and the nature 
of the driers ; it varies from the pale yellow of the palest 
boiled oil, through red to reddish yellow and, finally, reddish 
brov^n, but should never be dark brown or black, which 
last colours denote the use of too high a temperature. Oil 
boiled by means of steam is paler than that made over the 
fire. In general, oils boiled with manganese driers are of 
pale colour, whilst litharge, red lead and lead acetate pro- 
duce .dark coloured oils. Blown or ozonised linseed oil has 
generally a very pale colour. The duration and temperature 
of heating in the preparation of the oil have considerable 
influence upon the colour ; all oils heated with the driers for 
a long time turn out dark. Boiled oil made by heating raw 
linseed oil to 150° C. as a maximum, and adding the driers as 
the temperature sinks, is always pale in colour. Frequently 
consumers prefer dark boiled oil, believing that oil "boiled 
well" and for some length of time with the driers must be 
better and dry more rapidly than pale oil. In preparing 
white paints and pale tints the colour of the boiled oil is 
important, since white paint is required to be pure white, and 
boiled oil gives it a yellowish or even brownish tint, which, 
however, is of no importance to the colour of the dried paint, 
since all boiled oil bleaches in drying, if light and air have 
sufficient access. The coating remains yellow in the dark ; 
but even very pale boiled oil, which contains much lead, 
turns yellow in conjunction with white pigments, if light is 



218 DRYING OILS 

exelude^l ; lead Ixiiled oils should therefore not Ije used for 
white jiaint. 

^(^ (»>) Smell. — The odour of grial Iniileil oil recalls that of 
raw linseed oil, but is at the same time empyreuniatic, in this 
resjiect resembling the vaj>ours evolved when the oil is 
heated. The odour of Ixjiled oil made in the cold is peculi- 
arly aromatic and ethereal, and an expert will at once be 
able to decide as to the method of prejiaration by means of this 
characteristic alone. The smell may be unpleasant, but should 
not be overj>owering, still less may it have a similarity with 
the smell of rosin or fish oils, which are used as adulterants 
and can be recognised with certainty by other methods. If 
the oil has been so strongly heated as to cause partial decom- 
IX)8ition it has a burnt and unpleasant smell, and a dirty 
brownish-black colour. 

^"5^ (4) Taste. — The taste resembles that of raw linseed oil, 
but is more biting, bitter, and unpleasant ; adulteration with 
rosin or fish oils is most rapidly and easily recognised by 
means of the taste. 

""v^ (5) Clearness. — All boiled oil, whatever its colour, must 
be quite clear, and in thin layers transparent ; it should 
contain neither turbidity nor solid particles. Turbidity is 
generally due to insufficient storing ; if oil is not clear 
it should be left at rest in a moderately warm place for at 
least 14 days, when it will brighten if it is not adulterated 
with rosin oil ; from the quantity of the foot it may be decided 
whether the oil had been previously suflBciently tanked or 
not. Every boiled oil, however bright, .gives a further deposit 
on long standing, the quantity of which should not exceed 
0'25 per cent, after months, an amount which need not be 
considered. Frequently boiled oil is sent away a few days 
after it is made, and when it has only partially brightened, it 
will then reach its destination turbid ; it will clear after 
standing 2 to 4 weeks, but the quantity of foot may reach 
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7 per cent. ; such an oil is to be regarded at least as unsatis- 
factory. 

>^(6) Drying power. — The drying power is one of the prin- 
cipal characteristics of good boiled oil. In an earlier chapter 
the oxygen absorption of boiled oil and the drying process have 
been treated in detail ; the remarks in this place are restricted 
to general requirements in this respect. 

Every boiled oil must dry, when spread upon glass or 
metal, in 24 hours at the longest, to such an extent that the 
finger slightly adheres, but does not stick. Boiled oil is 
made to dry in 5 to 6 hours, in 1 2 hours, and in 1 8 hours, but 
should never require more than 24 hours; when longer time 
is necessary the oil cannot be regarded as satisfactory. If 
pigments be mixed with the oil and ' the paint applied in a 
thin layer, the drying may be accelerated, as by white lead and 
red lead ; may remain normal, as with indifferent pigments ; or 
may be diipinished, as by soot blacks, etc. Boiled oil is best 
tested by spreading it out in a thin layer upon a sheet of 
glass or of polished metal. The layer must dry as above 
given in 24 hours ; it should be no longer sticky, but it 
should not be required to be hard, for the hardening of 
unmixed boiled oil is simultaneous with incipient decay. 
On the other hand, boiled oil must become hard when used 
with pigments, and should not be soft, presupposing that the 
paint has been made in the proper proportions. Boiled oil 
made in the cold, whether with liquid driers or with soluble 
driers, produces a somewhat softer coating than when made by 
heating, but gives a more durable coating of paint, because 
there has been no decomposition of the linseed oil, such as 
takes place by heating at high temperatures. In former 
times, when different views were held in regard to the for- 
mation of boiled oil and the drying process, products made 
simply by mixing with liquid driers were not regarded as 
boiled oil, for " in the preparation of boiled oil higher tern- 
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perature and the introduction of oxygen, whether by the 
action of air or the reduction of added metallic oxides rich 
in oxygen, are absolutely necessary." This opinion is now 
obsolete ; any " linseed oil made active," by whatever process, 
is regarded as " boiled " oil. 

^ (7) Purity. — (Freedom from foreign substances — rosin oil, 
rosin, mineral oil, and boiled oil substitutes). Of every boiled 
oil brought into the market purity should be expected, if the 
price does not d priori show that it must be adulterated. As 
adulterants are much used : rosin oil, rosin, mineral oils (especi- 
ally debloomed), and the different boiled oil substitutes, which 
are generally made upon the basis of rosin or rosin oil. 
Eecently blown (oxidised) mineral oil mixed with petroleum, 
or petroleum ether, has been brought into the market as a 
boiled oil substitute. All these adulterants, as is shown in 
detail in another place, considerably affect the drying of 
linseed oil, and naturally also its durability. Boiled oil 
mixed with rosin and rosin oil, and even with small quantities 
of mineral oil, indeed dries, but remains soft, becomes sticky 
by the heat of the hand, and soon perishes on account of 
its softness. Boiled oil containing large quantities of mineral 
oil dries fairly normally, but the mineral oil separates on 
the surface ; boiled oil containing fish oil does not dry at all. 
All these additions are objectionable. 

Hurst gives the following methods for ascertaining the 
purity of boiled oil : — Boiled oil has a specific gravity of 0*941 
at 60° F. ; its flash point lies above 500° F. The flash point 
is determined in the same manner as given for raw linseed oil 
(p. 66) ; at times boiled oil is adulterated with the heavy mineral 
oils, which have a high flash point; these are recognised as 
follows: — 10 grms. of oil are brought into a beaker with a 
little water and caustic soda solution, and the mixture heated. 
The linseed oil is saponified, whilst the mineral oil remains 
unaltered ; a large quantity of warm water is added, and the 
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.whole transferred to a separating funnel, petroleum ether is 
added, and after shaking the mixture is allowed to settle. 
Two layers form, the lower an aqueous solution of the linseed 
oil soap, the upper a solution of the mineral oil in petroleum 
ether. The lower layer is drawn off, warm water again 
added, the funnel shaken, and the mixture allowed to separate. 
After drawing off the lower layer a further quantity of warm 
water is then added, the mixture shaken, and again allowed 
to separate. After drawing off the watery layer this washing 
is repeated until the ether layer is quite clear ; it is then 
brought into a weighing glass, the ether evaporated on the 
water bath, and the residual oil, which forms the adulterant, 
weighed. 

In practice, on the part of the consumer, it is frequently 
required that boiled oil shall dry in a certain number of 
hours ; and in the same way, on the part of the manufacturer, 
it is definitely maintained that the oil dries in a certain 
time. The former demand is unfair, the latter statement is 
of no account, since in both cases a definite place and similar 
conditions of atmosphere, moisture, air currents, temperature, 
etc., must be presupposed. A boiled oil w^hich dries on one day 
and in one place in, say, 10 hours, may require only 8 hours 
on another day in different weather, and again may require 
12 to 14 hours on a third day. A boiled oil which requires 
7 hours in one place may require more or less time on the 
same day in another place. In addition, there is another 
point to be considered in regard to the drying of boiled oil, 
or of the paints made from it. Boiled oil is rarely used alone, 
the pigments with which it is mixed influence the drying ; 
thus all lead pigments, especially white lead and red lead, in 
less degree chrome yellow and chrome red, considerably assist 
the drying ; whilst zinc white, the earth pigments to a greater 
extent, and the soot blacks to the greatest, retard the drying. 
Thus, in spite of using the same boiled oil, paints may require 
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quite different times to dry, depending upon the chemical 
nature of the pigment. Consequently, no practical purpose is 
served when a consumer recjuires that boiled oil shall dry 
in X hours, or when a manufacturer puts his oil upon the 
market as drying in y hours. In each case a fairly consider- 
able margin must be given to allow for the above-mentioned 
influences of atmosphere, moisture, temperature, and pigment. 
A definite statement is also not permissible, because the 
principal factors, light, temperature, and moisture, cannot be 
regulated at will. In order to obtain an accurate compar- 
ison of the drying of boiled oils, the diflerent samples must 
be exposed, in layers similar in every respect, at the same 
time and near one another , to exactly the same conditions of 
air, moisture, light, and heat. Accurate results can then be 
obtained ; the comparison of layers drying at different times 
and under other conditions is quite useless. 

In order to obtain accurate results with paints, the same 
pigment must be mixed in the same proportion with the oils 
under examination, and the layers must he as similar as possible 
and exposed at the same time near one another. 

In regard to statements as to the time of drying of boiled 
oil, Weger remarks : These figures cannot be regarded as 
absolutely definite, but must either be taken as liable to vary 
within wide limits or must be expressed as a ratio in comparison 
with a standard oil. This standard is obtained in the most 
simple manner by preparing it afresh each time with a definite 
quantity of driers, or a boiled oil is chosen which is certain to 
form no further deposit and not to decrease in drying power. 
Manganese resinate is the most suitable drier for this purpose. 
This substance is dissolved in 2 to 4 times the quantity of 
linseed oil, the solution filtered and finally made up to a 
certain definite percentage of manganese, say 1 per cent, of 
Mn. Of this solution a certain volume, say 10 per cent., is 
added to a normal linseed oil — the most difficult condition. 



CHAPTER V 

THE PREPARATION OF VARNISHES FOR LETTERPRESS, 
LITHOGRAPHIC, AND COPPER-PLATE PRINTING; FOR 
OILCLOTH AND WATERPROOF FABRICS 

In the manufacture of the various printing inks, of oil- 
cloth, leather cloth and similar substances, of waterproof 
materials, and of linoleum, linseed oil is practically the 
only drying oil employed. Walnut oil is used in very 
small quantities, and perhaps wood oil alone has the prospect 
of finding extensive use in the place of or together with 
linseed oil. In the manufacture of all the products men- 
tioned a substance differing essentially from ordinary boiled 
oil is required. The linseed oil or varnish employed must 
be syrupy and viscid. In the case of varnish for printers' 
purposes this condition is requisite, since a thin ink, or an ink 
ground with thin varnish, could not be printed, it would 
lack the necessary adherence — would be " short," and run off ; 
in addition, thin varnish, when brought on to paper or other 
materials upon which it is occasionally used, produces grease 
marks, and the print would thus be unreadable. The varnish 
intended for printers' use, whether for letterpress, lithographic, 
copper or zinc-plate printing, for black or coloured inks, 
should also contain no driers. The inks are applied in such 
an extremely thin layer that they dry at once, being assisted 
by the absorbent nature of the paper, do not spread, and 
leave no oily edge round the printed letters. This rapid 
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drying takes place in spite of the long time which the same 
ink would require to dry, if applied in layers of a thickness 
equal to that of an ordinary coat of paint. If driers were 
added in any form to varnishes intended for printing, there 
would be danger that the pai)er would adhere to the type 
and tear. The essential properties of a printing ink are given 
below ; they are based principally upon the nature of tlie 
varnish, if we neglect the pigment and the properties it 
implies. 

1. The ink must be a completely uniform syrupy liquid 
(for letterpress or lithographic work). It should contain 
neither skin nor other impurities which might be introduced 
by the varnish, nor yet small grains of unground black. 

2. It must be of the proper strength (strong, middle, or 
weak) ; it must be suitable to the press (machine or hand) 
and must be readily transferred from the rollers to the type. 

3. It should not clog up the type, and must wash off readily. 

4. It should not dry too rapidly or too slowly, but 
in a definite time ; in the former case it would dry upon 
the paper and type during printing, the paper would adhere 
to the type, would tear, and thus make further printing 
impossible ; in applying the ink to the type, pieces would be 
torn out of the roller and would stick to the forme, an 
accident which cannot be allowed to happen. On the other 
hand, the ink must not dry too slowly, otherwise the printed 
sheets coild not be taken off, folded, and sent away, which 
would be especially inconvenient in the case of newspapers. 

5. When the ink is dry the colour should not rub off, 
otherwise the sheets in a pile would print off on one another 
and make reading impossible, also the hands of the reader 
would be soiled by the black ink, which has often been a 
trouble with newspapers. 

6. The ink should have no strong smell, or the smell 
should disappear as the varnish dries. 
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7. The ink should not " run " after the print is dry, i.e. oily 

margins should not form round the letters. This should be 

especially the case with letterpress inks ; it is not so important 

in the case of newspapers, which are printed, read, and may 

then be thrown away, although it should not occur even here. 

Originally printers' varnishes were made exclusively from 

pure linseed oil or walnut oil, which was heated to a 

high temperature, almost to the flash point, when the oil 

became thick to an extent depending upon the duration of 

heating. For a number of years a different course has been 

followed, and now, in addition to thickened linseed oil, rosin, 

rosin oil, soaps, turpentine, tar oils, and even mineral oils 

are used for varnishes intended for the lower qualities of 

letterpress inks, especially for newspaper inks. 

In the manufacture of oilcloth, leather cloth, and water- 
proof materials, thickened linseed oil is used, either alone or 
in combination with hard resins (copals). The fabric which 
forms the base of almost all such products is first covered 
with a priming layer, then follows the layer of paint, 
made by grinding pigments with linseed oil thickened by 
boiling ; finally, 1 to 3 coats of a composition are applied, 
which essentially contains thickened linseed oil, together with 
copal, driers, and a diluent (turpentine or benzine). These 
relatively thin layers of paint and varnish are dried entirely 
at the high temperature of 50"* to 90° C, according to the 
nature of the material and of the colour ; on the one hand, 
drying in the air would require too long a time, and, on the 
other, the surface would not attain the requisite hardness, but 
would be liable to stickiness. The higher the temperature in 
the drying process, the more rapidly the various layers dry 
and the harder they become. Although in this manufacture 
considerable quantities of driers are used, yet they are not 
indispensable ; for example, raw linseed oil treated with only 
1 per cent, of a suitable metallic compound dries in a few 
IS 
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hours at 50° to 60° C. Thickened Imseed oil thus forms the 
basis for the preparation of all the materials mentioned. 
There are now several methods by which this substance can 
be made : heating over the fire, heating with superheated 
steam, and by blowing cold or hot air into linseed oil heated 
to a lower or higher temperature. 

In heating over an open fire, the flash point lies tolerably 
near the temperature which is required for thickening ; the 
linseed oil may thus very readily take fire, and it is necessary to 
work with great care. In using superheated steam, the danger 
of ignition is diminished, since the oil cannot run over into the 
fire, and the temperature is uniform, so that overheating cannot 
readily occur. The thickening of linseed oil by blowing cold 
or heated air into the gently heated oil is absolutely with- 
out danger, because a considerable rise in temperature does not 
occur; the process may be carried out between 135° and 150° C. 

Somewhat divergent views are held in regard to the 
suitability of linseed oil, thickened in this manner, for the 
preparation of the materials before mentioned, which may be 
generally designated waterproof materials. On the one hand, 
it is maintained that the product is as good and as elastic as 
the substance prepared by the " boiling " process ; on the other 
hand, it is stated that the oil when applied soon becomes 
brittle and the coating cracks. The author's view is that the 
latter evil only occurs when the oil has been unduly thickened, 
so that it requires too much diluent (benzene, benzine, turpen- 
tine) to be made capable of application — a condition which can 
be readily avoided if care be taken in the thickening process. 

In the linoleum manufacture two different processes are 
used with linseed oil, which is thickened by heating or blow- 
ing in air, or is converted into a solid friable mass, which 
is then kneaded together with the remaining substances 
employed in the composition. In the latest process, solid 
substances : cork meal, wood meal, pigments, etc., are mixed 
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with the linseed oil and the mixture then exposed to a current 
of hot air, by which the oil is then more quickly transformed 
into a solid product. 

In regard to the thickening of the drying oils, Livache 
remarks : " In whatever manner the drying power of the drying 
oils is increased, there is obtained, under all circumstances, 
a product differing little in consistency from ordinary linseed 
oil. Frequently a thickened oil is required, either in order to 
shorten the time of drying, or in the preparation of varnishes, 
or finally, for priming coats, from which a thin oil might be 
too completely absorbed by porous material. The simplest way 
of thickening oil is to allow it to fall down from a certain 
height in thin layers, exposed to the action of the air ; but 
this process is very lengthy, and the oxidation difficult, even in 
working at 50° to 60° C, because when the oil has thickened 
to a certain extent it is no longer fluid enough to flow in a 
thin stream. In addition, a portion of the oil adheres to the 
surface upon which it falls, thickens or dries, and thus causes 
a considerable loss when a quite solid product is not desired. 
Finally, a skin forms on the oil when the thickening has 
proceeded to a considerable extent. The skin prevents the 
oxidation and thickening of the oil beneath it. Endeavours 
have been made to increase the fluidity of the oil by adding 
a suitable solvent. If, for example, equal parts of linseed oil, 
boiled with manganese borate, and benzine are treated in 
a closed vessel with air, a rapid absorption of oxygen takes 
place, which is still more rapid at 40° to 50° C. If the air 
be renewed by adding sufficient oxygen to produce complete 
oxidation of the oil (at least 15 to 16 per cent, of the weight 
of the oil) the mixture thickens, and when finally the benzine 
is separated by distillation a sticky mass remains. If the 
treatment with oxygen be carried still further, there is formed 
linoxyn, which is insoluble in benzine, and is left as a dry 
and very elastic substance when the solvent is distilled off. 
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" In practice at the present time the oil is frequently 
boiled 3 to 4 days at a temperature of 250° to 300° C. A 
thick or " strong " oil is then obtained, which may be made 
less viscid by the addition of a little linseed oil boiled 6 to 
8 hours at 200'' C. This boiling at such high temperatures 
has the disadvantage that free fatty acids are formed, which 
require a long time to oxidise and become solid. In England 
and Germany it is preferred to boil the oil with steam or 
heated air in pans of large diameter and small depth, so that 
the air above the oil may be continually changed ; (^eep closed 
pans are, however, also used. In certain works, especially 
in Holland, no driers are added to the oil, but a current of 
hot or cold air is led through it ; the product is of good 
quality, but the operation is somewhat too lengthy. 

" For certain purposes the boiled and thickened oils are 
stored in copper or iron tanks, which should be enamelled or 
covered with a very thin plating of silver on the inside in 
order to avoid discoloration of the oil." 

The thickening of linseed oil for printers' varnishes, stand 
oil, varnishes used for oilcloth and patent leather, is a process 
of distillation conducted in the presence of air, to which Mulder 
had already given attention. 

All fatty oils are decomposed by heating above 250° C. ; 
below this temperature they are little changed, above it the 
change is greater the higher the temperature. The products 
of the decomposition of neutral fatty oils, drying or non- 
drying, contain acrolein, a decomposition product of glycerin, 
thus free fatty acids must also be formed. If the neutral 
oil contain palmitin, palmitic acid may be expected in the 
distillate. When free palmitic acid is heated, it distils 
partially unaltered, but is partially decomposed at higher 
temperatures into palmitone, so that carbonic acid and water 
are set free. Since palmitin occurs in linseed oil, among the 
products of the dry distillation of this oil at a high temperatuie, 
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carbonic acid, water, palmitone, palmitic acid, and acrolein are 
to be expected. These substances are evolved when linseed 
oil is boiled, and in larger quantity the longer the boiling is 
continued. 

By boiling linseed oil exposed to the au', boiled oil is first 
obtained ; if the oil be further boiled at a high temperature 
a soft mass forms on cooling, by further boiling it becomes 
still thicker, and when brought upon paper produces no 
grease spot. The vapours evolved from the oil in this 
decomposition generally take fire, but this phenomenon is 
not indispensable. When boiled beyond a certain point 
linseed oil no longer dries, but becomes sticky or elastic. If 
it is to retain its drying properties it must be heated until 
the linolein begins to decompose (Mulder) ; when this occurs 
boiled oil begins to pass over into varnish. Among the 
first substances which are driven off on boiling are the de- 
composition products of olein, myristin, and palmitin. 

If linseed oil be heated until it becomes thick, and then 
boiled with dilute nitric acid, it turns solid. The separation 
of the anhydride of linolic acid from the glycerin is caused by 
the nitric acid, so that the smell of acrolein becomes percept- 
ible. Finally, the mass becomes like caoutchouc (according to 
Jonas), it no longer sticks to the fingers, cannot be melted, 
and is dissolved to an emulsion by carbon bisulphide. If 
this caoutchouc-like mass be boiled in strong caustic potash 
the two substances unite, but the former is not dissolved, and 
acids again precipitate it. It is also dissolved by alcoholic 
potash and reprecipitated by acids. In ether containing 
alcohol it swells, dissolves in more ether, and is again pre- 
cipitated by alcohol. It swells up in mineral oil, but is not 
dissolved ; a large quantity of turpentine dissolves it. 

Mulder examiued the products of the dry distillation of 
linseed oil ; an account of his work follows : — 0*5 litre of 
linseed oil was heated almost to boiling in a retort, provided 
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with a receiver, in a sand bath by a gas flame. The retort and 
its neck were filled with air, but the air did not become hot. 
In the first 6 hours there distilled a mixture of substances 
slightly coloured and quite fluid, with a smell of acrolein, 
afterwards a white buttery mass came over; the quantity 
of the two together was -ijj of the oil. 

In the second 6 hours the distillate was caught separately ; 
it was a white buttery substance with a slight smell of acrolein, 
equal in quantity to about 5 per cent, of the original oil. 
The contents of the retort were now ([uite thick. 

In the third 6 hours the same buttery mass distilled over 
at the same temperature, but in decreasing quantity, which v^ras 
finally so small that the distillation was interrupted after o6 
hours. Distillation at a low temperature, below the boiling 
point of the oil, by heating slowly for 36 hours to complete 
the distillation of 500 grms. of oil, is necessary to obtain a 
good result. The hydrocarbons are thereby reduced to a 
minimum, the fatty 'acids of two of the glycerides are obtained 
in appreciable quantity, and no trace of carbon is perceptible. 
The volatile portion is almost colourless. 

We will now consider the residue in the retort, the char- 
acteristic product of linseed oil, and apparently of all drying 
oils, since it is the most important for our purpose. This non- 
volatile portion is almost free from fats, yet, as a precaution, 
it was extracted with ether to remove any residual fat, and 
in fact some portion dissolved. The residue, insoluble in 
ether, was dark in colour when seen in the mass, but in . thin 
layers appeared straw yellow ; it was very elastic, and quite 
similar to caoutchouc. Elementary analysis gave the follow- 
ing results ! — 
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It is thus remarkable that the caoutchouc-like mass which 
forms the residue of distilled oils is the anhydride of linole'ic 
jh^ii acid, C32H54O3. This caoutchouc-like substance is converted 
aop by nitric acid at the ordinary temperature to a reddish-brown 
nar resin. Ammonia does not attack it, it remains quite in- 
soluble ; in caustic potash solution it becomes suspended on 
heating, and is quite dissolved on the addition of more water 
to a clear colourless solution, from which hydrochloric acid 
precipitates a substance, which after many hours appesirs as 
a sticky layer upon the surface, soon changing to an elastic 
skin. 

For further examination the elastic skin was removed 
from the surface of the liquid, washed with water, dried in 
the air, and treated with ether. The ethereal solution gives 
on filtering only traces of insoluble matter. When the 
solution is evaporated a resinous substance remains, deep in 
colour; it was again dissolved in ether, and the solution 
decolorised by filtering through animal charcoal. 'After 
evaporation of the ether, the residue was dissolved in boiling 
absolute alcohol, in which . it was slowly taken up ; on cool- 
ing it separated to a great extent as a coloured resin. In 
external properties this substance differed little from the 
original, it remained sticky even after many months' exposure 
to air, and might thus be assumed not to be further oxidised. 
From the commencement of the distillation a considerable 
quantity of acrolein was evolved ; it was collected with the 
volatile products, which at first formed a colourless liquid 
partly soluble and partly insoluble in caustic potash solution. 
The hydrocarbons and fatty acids which were formed were not 
further investigated. The substances which were not vola- 
tile below 100° C. consisted of several acids. The portion 
which was volatile at the ordinary temperature was com- 
pletely dissolved in a solution of sodium carbonate on heating, 
carbon dioxide being evolved, a result which was not ob- 
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tained if the linseed oil was not distilled at a veiy low 
temperature. 

The whole of the substances not volatile below lOO^ C. 
were extracted with warm water until nothing more dissolved. 
From this water a crystalline deposit separated, which ^was 
again dissolved and recrystallised ; it was sebacic acid. Tbe 
acrolein which remained was already changed into acrylic 
acid ; the liquid had almost lost the smell of acrolein. 

If we examine the results of the dry distillation of lin- 
seed oil at a low temperature (near the boiling point), we find, 
as residue in the apparatus, linoleic anhydride, and as the vola- 
tile distillate, acrolein (partially oxidised to acrylic acid), 
sebacic, palmitic, and myristic acids. 

The Manufacture of thickened Linseed Oil (Burnt Oil, 
Stand Oil) by Heating by Fire or by Superheated 
Steam, and by a Current of Air 

As we have already seen at the commencement of this 
section, linseed oil may be thickened in various ways : — 

1. By heating over an open fire. 

2. By heating by means of superheated steam. 

3. By blowing cold or heated air into the oil at higher 
or lower temperatures. The difference between the methods 
employed for printers* varnish and for oil to be used in the 
manufacture of oilcloth, waterproof materials, and linoleum, 
is simply, that for the first purpose the oil is boiled without 
driers, for all the others with driers. By the first process 
there results by a relatively long operation a pale product, in 
the' second process in a shorter time dark well drying pro- 
ducts are obtained. By blowing in air there is produced, 
according to the temperature, pale or dark varnish, but 
under all circumstances and by all three processes dark 
varnish results when the heating or blowing takes place in 
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the presence of driers. Varnish of the same drying power, 
but paler in colour, is obtained when the thickened oil is 
allowed to cool to 130° C. and the drier then introduced. 

The apparatus used in thickening linseed oil by boiling is 
an iron pan, of greater depth than width, erected in such a 
manner that the flames reach only half-way up the pan. The 
upper half is heated neither by fire nor the fire gases. The 
pan may be quite open, provided with a lid through which 
the vapours are carried away by means of a flue to the open 
air, or it may be quite closed, after the manner of a retort. 
Several of these pans, as also the installation for blowing 
air through oil, are described at the conclusion of this 
section. 

In order to produce thickened linseed oil by any of these 
processes successfully, that is, within a reasonable time, it is 
absolutely necessary to use good tanked oil and to subject it 
to a preUminary operation before the real thickening. Any 
linseed oil may be thickened by great heat, but there is too 
large an expenditure of time and fuel, and the principle of 
every process should be to reduce the cost to the smallest 
possible limits. V 

Good tanked linseed oil is brought into the pan, so that it 
is filled to within 1 to 1 5 cms. of the edge ; it is then slowly 
heated. At first the temperature is maintained at 130° to 
140° C, when the oil froths, though this is not the case if it 
is free from moisture. After about an hour, when the froth- 
ing is over if it occurs, a very powerful fire is made and 
the temperature raised to 270° C. The colour then changes 
from yellow to pale green, and sHmy lumps may form in the 
oil, but should not in a good oil sufficiently tanked. When 
this point is reached, the fire is allowed to die out and the 
oil left at rest for 24 hours, so that all the separated matter 
may sink to the bottom. The clear oil is then run or drawn 
off* and brought into a second pan, or, in case a second is not 
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provided, into other vessels, the foot removed (to be used for 
paints, cements, etc.), the pan carefully cleaned, and the oil 
again introduced. A very powerful fire is now applied to 
this prepared oil, so that in a short time a temperature of 
270° to 300° C. is reached. Thick and pale linseed oil is 
only to be obtained by rapid heating to the requisite tem- 
perature ; slow heating produces a darker product, at the cost 
of much time and fuel. When tlie temperature reaches 300** C. 
a more gentle fire is used until it reaches 350° to 360"* C, 
at which the oil is maintained during 1 to 2 hours. The 
evil-smelling vapours which are evolved, which cause cough- 
ing, are allowed to escape into the air or are drawn off by the 
hood, let down over the pan, into the chimney or the open 
air. After the lapse of 2 hours, during which the oil is at 
360° C, the temperature is slowly and carefully raised to 
375° or 380° C, above which it is not advisable to go, since 
the oil may catch fire and continue to burn at a higher tem- 
perature. This is the critical point in the preparation of 
thickened oil, and demands care and attention. The time 
during which the oil must be maintained at this temperature 
varies from 2 to 4 hours, according to the nature of the oil ; 
from time to time test portions are withdrawn and rapidly 
cooled, in order to see whether tlie oil is sufficiently thick. 
When a portion, taken between two fingers, may be drawn out 
without breaking into sufficiently long threads, the process is 
finished, then the fire is drawn, the doors opened, and the 
high temperature of the oil reduced as quickly as possible in 
order to avoid danger of fire. The time required to produce 
oil of varying consistencies cannot be given, the test portions 
can alone decide ; we can only state the general rule, that 
the longer the oil is maintained at the high temperature the 
thicker it becomes. If, in spite of all care, the oil should 
take fire, the cover hung from the roof by chains (not ropes) 
is let down, and by opening the fire doors and drawing the 
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fire the oil is cooled ; the temperature must sink considerably 
before the cover is again removed, since the sudden entry 
of air to the hot oil might cause it again to take fire. 
When the oil has attained the proper consistency it is 
allowed to cool for some time and then brought into the 
storage vessels. 

In working with driers, and especially with those con- 
taining lead, the oil rapidly darkens even at 240° to 250° C, 
and on further heating becomes covered with a reddish-brown 
skin, which must be carefully pushed back to the sides of the 
pan or the oil will easily take fire. However, it is far more 
advisable, in order to obtain a pale varnish of the same dry- 
ing power, to thicken the oil without driers to the desired 
consistency, and then, when the temperature has receded to 
130° to 140° C, to stir in the driers. The varnish will 
be far more durable, and remain elastic longer, if the driers 
are not boiled with the oil. 

In boiling oil in closed apparatus, whether by fire or 
superheated steam, there is considerably less danger of fire. 
Thermometers must be placed in the apparatus, so that the 
temperature may be accurately known, and overheating 
cannot occur. 

The consistency of thickened linseed oil varies with 
the purpose for which it is to be used. Printers require 
varnish both thick and thin, as also the manufacturers of oil- 
cloth and waterproof materials. In order to obtain a certain 
consistency it will often be necessary to mix thick and thin 
varnish. A consistence measurer is the best instrument for 
an accurate determination of the consistency ; such an instru- 
ment, which is hardly required by the experienced varnish 
boiler, is shown in Fig. 3P). It measures the time required 
for an air-bubble to rise througli the oil in a glass tube. A 
cylindrical glass vessel, which may be closed by a carefully 
ground stopper, is filled so far with the oil to be tested that 
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means of superheated steam. The pan should not be too 
deep or the air current will lose a portion of its action ; 
on account of the resistance which the oil offers to the free 
passage of the air, when the pan is too deep the air may 
not be able to overcome the pressure due to the height of 
the column of oil. Thus, even when a powerful current of 
air is used, the depth of the oil in the pan should not exceed 
80 cms. 

The thickening of drying oils by means of a current of 
cold air is a tolerably simple operation, free from danger even 
when high temperatures are used; however, 270° C. is never 
exceeded, and generally much lower temperatures are used. 
The process with heated air is somewhat more complicated, 
and has no particular advantage ; the introduction of finely 
powdered driers with the current of hot or cold air may be 
regarded as purposeless, for the reasons previously given. 
The driers may be introduced with the same effect when 
the thickened oil has cooled to 130° to 140° C. 

The simplest arrangement for blowing oil, which may be 
introduced into any pan, is a ring-shaped iron pipe which 
rests by small feet upon the bottom of the pan, and communi- 
cates by a vertical tube with the blowing machine. The 
ring-shaped pipe should be 5 cms. in diameter, the holes 
situated in the lower part of the pipe should be 0*5 mm. in 
diameter. The entrance of air into this pipe may be regulated 
by means of a tap. The exit holes for the air should be 
pointed downwards, because, in spite of the great pressure of 
the air produced by the blowing machine, an upward current 
does not produce the desired effect in practice. The oil is 
kept in violent motion by means of the downward current of 
air, so that it rises in the form of spray above the edge of 
the pan ; from holes in the upper surface of the ring the air 
might often not be able to reach the surface of the oil. 
Bends in the pipe carrying the air should be avoided as 
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far as possible, so that the current of air may be little 
retarded ; when practicable, it should travel in a straight 
line. The blower or fan must have sufficient power to 
yield a sufficient quantity of air ; regard must be had to 
the distance and the height of the column of oil to be over- 
come. The pan itself should be provided with a removable 
cover, which can be let down when the air is forced through 
the oil, in order to avoid spraying or to return the oil to 
the pan. 

In regard to the operation of blowing itself, it is carried out 
as follows : — The oil is brought in the pan to a temperature 
of about 110° to 120° C, the tap for the air supply is then 
opened slowly and cautiously, so that the full pressure may 
not come at once into the pan ; the quantity of air is then 
regulated by means of the tap according to the effect ob- 
served in the pan. The oil should not be thrown out of the 
pan, but should form a spray above the sm-face. The tem- 
perature is now somewhat reduced ; even if the fire should be 
quite extinguished, only a difference of 15° to 30° will be 
produced, since the friction produced by the passage of the 
air through the oil develops heat. Thus, in order to blow at 
110° to 120° C, the fire will require little stoking, and it is 
easy to maintain the temperature at this height. The time 
required to obtain an oil of syrupy nature varies greatly, 
and may reach 2 to 4 days. At first, and even after IJ to 
3 days, no change, or very little, can be observed in the con- 
sistency ; towards the end of the operation, after the intro- 
duction of considerable quantities of air, the alteration 
becomes evident, and the thickening takes place rapidly. All 
oils which are blown at a low temperature remain pale ; they 
become even paler than the original oil, and, for example, may 
be used for the finest white oilcloths. As the temperature of 
the oil rises, the time required for thickening becomes less, 
but the oil darkens considerably. If the oil is blown together 
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of the pipe / is perforated, so that the air forced in by the 
blower emerges in numerous fine jets. Between the blower 
and boiler a small pan h is introduced, suspended in an air-bath 
i, and heated by the waste heat of the boiling pan or by gas. 
The cover of this pan carries a vertical pipe with two taps \ 
and k^y between which is a spherical vessel I, Above \ is 
the dish m. This apparatus is used to introduce powdered 
driers (oxidising agents) into the air current. This is accom- 
plished by filling the dish m with the material and allowing 
it to fall down through the open tap k-^ into I. On closing 
A?! and opening k^^ the powder falls down into the air current, 
by which it is carried into the oil. The boiling pan is par- 
tially filled with the oil to be oxidised, and whilst it boils air, 
charged with the oxidising powder, is forced into it in fine 
streams. The oil is then changed in 15 to 18 hours. 
Towards the end of the blowing the oil suddenly thickens. 

Figs. 36 and 37 show the plan and vertical section respect- 
ively of an apparatus for treating linseed oil with heated air. 
A, A, A is a series of tanks which contain the oil to be treated, 
each is provided with a pipe B, by means of which the hot 
air is introduced. This pipe ends in branches, suspended 
immediately above the bottom of the tank, without touching 
it. The branch pipes are perforated, so that the air is forced 
through the oil in fine streams. The pipes B, B, B of the 
various tanks are connected with the pipe B', which is sup- 
plied with heated oil from the coil C of the heater D. 

The coil C is connected with a compressor E (or. Eoot*s 
blower), and thus obtains a continuous supply of air, which is 
regulated by means of the valve T. G is a loaded safety valve. 
The branch pipes B, B, B are also provided with taps, which 
regulate the supply of air to the individual tanks, and by 
which the air can be cut off when the process in any one 
tank is finished. The cocks F and F' are 3 -way ; their con- 
struction is shown in Fig. 38. They are so made that the 
i6 
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whole or a portion of the air may be blown off into the open. 
If all the tanks are in use the maximum supply of air is 
required. When the air becomes heated to about 312^ C. 
the cock F must be partially opened. But if the temperature 
of the air in the coil rises above 312° C. the tap must be 
opened wider, in order to send a smaller quantity of air 
through the outlet / and a larger quantity into the coil. 
Thus more air goes into the heater, and the oil is prevented 
from burning. The temperature of the oil should never rise 
above 205° C. The process should be conducted so that the 
oil in the different tanks is in different stages of treatment. 




Fio. 38. — Apparatus for thickening Linseed Oil by means 
of Hot Air. 3 -way Cock for distributing the Air 
Current. 



SO that when the operation is finished in one tank the 
treatment of the oil in another may be commenced, until the 
whole has been treated. When the oil in any one tank is 
finished, its tap F^ is turned in order to cut off the hot air and 
to prevent the temperature of the oil in the other tanks from 
rising unduly. For example, if the tanks contain 227 litres 
of oil, so much hot air is introduced that the temperature 
rises to about 121** C, which is maintained for about 5 hours 
and then raised to 205° C. Care must be taken that this 
temperature is not exceeded ; it is maintained for about 5 to 6 
hours, in order to drive off the acrid vapours. The regular 
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arranged so that the liquid forced up by the pump may leave 
it in jets. Tlie oil is heated in the pan to the desired 
temperature, then drawn off by the pump and forced through 
the pipe and the holes of the box. It leaves the box in fine 
streams, comes in contact with the current of air in the 
cylinder, and falls into the first pan, from which it runs 
through the connecting pipe to the second pan. The oil is 
moved through this circuit until it is sufficiently oxidised 
and thickened. 

Formulae for Printers' Varnishes with Rosin and 





Linseed Oil 










Parts by weight. 








Weak. 


Medium. 


Strong 


Rosin 


• • 


12-5 


12-5 


12-5 


Stand oil . 


• • 


50 


50 


50 


Rosin soap 


• • 


1-5 


1-5 


1-5 


Stand oil (very 


weak) 


3-5 


2 


• • • 


Rosin 


• • 


25 


25 


25 


Stand oil . 


• • 


50 


50 


50 


Rosin soap 


•  


5 


5 


5 


Stand oil (very 


weak) 


4-5 


3 


• • • 


Rosin 


• • 


38-5 


38-5 


38-5 


Stand oil . 


• • 


50 


50 


50 


Rosin soap 


m • 


35 


3-5 


3-5 


Stand oil (very 


weak) 


6 


4-5 


• • • 



The principal constituent of these printers' varnishes is the 
thick boiled linseed oil (stand oil). It is not boiled long 
enough to be of the thickness required for the various 
strengths, but still so long that it forms no grease mark on 
paper. In this case rosin alone is used as the thickening 
agent, since it has been found to produce a varnish of the 
same strength as a varnish from pure linseed oil, but much 
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cheaper, so that it can be used for cheap printing inks. The 
oil is first boiled, allowed a short time for clearing, and then, 
after reheating, the rosin is added, as free from water as 
possible. The rosin is broken into small pieces in the vessel 
in which it is to be melted, and then fused over a slow fire. 
When it has become quite limpid, and has given off some 
vapour, the rosin soap cut into small pieces is added, and 
when that has dissolved, the boiled linseed oil (stand oil). 
The whole is well stirred, left half an hour on the fire until 
the whole is quite fluid, and then filtered through fine linen 
to remove all the impurities of the rosin. The finished 
varnish is allowed to stand as hot as possible, so that all 
small particles of impurities still present, which would not 
sink in the thick varnish,' may deposit. The bright varnish 
is drawn off after a few days. 
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Weak varnish with stand oil. 









Parts 


by weight. 






a. 




b. c. 


Stand oil (very 


weak) 


7 




9 12 


Rosin soap 


• • 


3 




5 7 


Rosin oil . 


• • 4 


50 




50 50 


Rosin 


• • < 


25 




50 50 


Stand oil . 


• • • 


50 




50 50 



Medium varnish loith stand oil. 









Parts 


by weight. 






a. 




b, c. 


Stand oil (very 


weak) 


4 




6 9 


Rosin soap 


• • 


3 




5 7 


Stand oil . 


• • 


50 




50 50 


Rosin oil . 


• • 1 


50 




50 50 


Rosin 


• • 


25 




50 50 
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Strong varnish with stand 


oil. 






PartJ 


i by weight. 




a. 




b, c. 


Rosin soap 


... o 




5 7 


Stand oil . 


50 




50 50 


Rosin oil . 


50 




50 50 


Rosin 


25 




50 75 



Weak varnish loith raw linked oil. 



Thick turpentine (crude) 
Rosin soap 
Linseed oil 
Rosin oil 
Raw linseed oil 



Medium varnish with raw linseed oil. 



Parts by 


weight. 


a. 


h. 


5 


• • • 


5 


7 


13 


35 


24 


95 


21 


100 


ed oil. 




Parts by 


weight. 


a. 


6. 


5 


7 


5 


• •  


105 


90 


210 


240 


210 


215 



Rosin soap 

Thick turpentine (crude) 

Linseed oil 

Rosin oil 

Rosin 



Strong varnish with raw linseed oil. 

Parts by weight. 



Rosin soap 

Thick turpentine (crude) 

Linseed oil 

Rosin oil 

Rosin 



a. 


h. 


5 


7 


5 


2 


87 


25 


240 


80 


210 


100 



In the preparation of these varnishes the rosin and rosin oil 
are heated together in a pan over the fire, then the soap 
is added, and finally the linseed oil. The mixture is then 
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maintained at 120° to 140° C. for some hours, so that the 
smell of rosin oil may as far as possible be driven off and 
the materials intimately mixed. 

Various Printers' Varnishes 
For best illustration inks. 





Parts by weight. 


(1) Copaiba, balsam .... 


70 


linseed oil .... . 


50 


Rosin ...... 


110 


Benzoin ...... 


3 


Balsam of Tolu .... 


2 


(2) Copaiba balsam .... 


85 


Linseed oil .... . 


40 


Rosin ...... 


115 


Benzoin ...... 


3 


Balsam of Tolu .... 


2 


According to Gogneau, 






Parts by weight. 


(1) Tiinseed oil ..... . 


979 


Rosin ....... 


735 


SjTup 


245 


Litharge ....... 


12-5 


(2) Linseed oil 


400 


Rosin ....... 


980 


Syrup ....... 


490 


Litharge 


6 


(3) Linseed oil 


980 


Rosin ....... 


958 


Syrup 


980 


Litharge 


12-2 



The oil* is mixed with the litharge and a slow fire kept 
under the pan until the oil begins to boil and the froth to 
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disappear. The rosin, is now melted with a small quantity 
of linseed oil and added to the oil in the pan, when the froth 
disappears. The mixture is well stirred, allowed to cool 
partially, and the syrup finally added. 

According to Bool. 

Parts by weight. 
Thick turpentine (crude) .... 9 

Soft soap ....... 10 

Olein ........ 4 

According to Pratt. 

Parts by weight. 

Rosin 390 

Rosin oil 500 

Yellow soap ....... 90 

The thickening of drying oils, Blakemann's process. 

— A mineral soap, and by preference one which has the 
power of absorbing carbon dioxide, such as an alumina soap, 
is dissolved, by the aid of heat, in a vegetable or animal 
oil which is not decomposed at the temperature employed. 
Of the vegetable oils, sunflowerseed oil is suitable, but cotton- 
seed oil is preferable. About 20 to 30 per cent, of the 
mineral soap is added to the oil, or so much that the mixture 
is gelatinous. The soap may also be added to complete 
saturation, but the above quantity is preferable. The oil 
thickened in this manner is now mixed with the drying oil to 
be treated, either simply by stirring or by gentle heating on 
the water-bath. The added quantity of the oil thickened by the 
mineral soap may amount to 5 to 7 per cent, of the drying 
oil, or more or less. When the mixture has cooled it is a far 
better vehicle for pigments than before treatment. The 
colour of the oil is not injured by the process, whilst its 
drying properties remain unimpaired or are increased. The 
reason being that, on the one hand, the high temperature 
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required completely to dissolve the metallic soap does not 
injure the cottonseed oil, but rather tends to exert a bleach- 
ing action upon it, and that, on the other hand, the character- 
istic afiBnity of the mineral soap for carbon dioxide favours 
and increases the drying action. In this process the mineral 
soap may not be mixed directly with a drying oil for the 
purpose of thickening it or to obtain a vehicle for pigments. 
Such mixtures have been previously made, but only with 
partial success, since the high temperature required to produce 
a perfect mixture causes the oil no longer to be capable of 
being bleached. This difficulty is avoided by the present 
process, since the mineral soap is first mixed with an oil 
which is not decomposed at the temperature required, and 
this mixture, in which the oil has been made basic or alkaline* 
is added to the drying oil. The colour of the drying oil is 
thus preserved, and if the mineral soap is capable of absorbing 
carbon dioxide the drying power of the oil is at the same 
time increased. The drying oils treated in this manner, such 
as linseed oil or similar oUs, may be kept for later use or at 
once mixed with pigments for use in paints. If necessary, any 
of the ordinary commercial driers may be added to the paint. 
Linseed oil for the manufacture of linoleum must 
be treated in quite a different manner to that required in the 
preparation of printing inks, oilcloth, etc. The substance 
used for the latter purposes is a thick mass, still homo- 
geneous, which can be liquefied by heating or by the addition 
of turpentine, benzine, or other solvents, and which dries to a 
more or less colourless adherent skin when applied in thin 
layers. On the other hand, in the preparation of the drying 
oils for the manufacture of linoleum, the condition is sought, 
which the oil has after drying in thin layers, i,e. a soft elastic 
dry skin, capable of being kneaded with solvents, resins, cork 
or wood meal, to form a mass which can be rolled between 
rollers into sheets with or without a backing of fabric. 
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in by a fan. Two sides of the column are formed of glass, so 
that light may enter in order to bleach the oil ; / and f are 
perforated zinc plates, / is intended to distribute the air, as 
it enters the apparatus, through the whole of the column ; 
j^' forms the air exit and retains the particles of oiL A 
rapid current of air is not necessary, it is only required to 
renew continuously the air in the apparatus. The oil falls 
into the tank ^, below which is the space h into which 
steam is admitted at a temperature of 100° to 177'' C. The 
higher the temperature the more rapid is the transformation 
of the oil. By means of the pipe i the oil is again brought 
to the pump, which is not shown in the illustration. The 
pump again forces the oil into the tank h ; the process is 
continued until the oil is sufficiently changed. At the upper 
end of 6 is a small cylinder, in which is a piston connected 
with the lever /, loaded in accordance with the pressure to be 
maintained in &. The rod m is connected with the tap on 
the pipe i in such a manner that, when the pressure in h 
becomes too great, the piston rises, thus closing the com- 
munication between the pump and the tank g. 

In the second apparatus constructed by Walton, linseed 
oil mixed with the oxidising substances is heated under con- 
stant stirring in an open pan over a fire ; a chain pump h 
(Fig. 41) raises the hot oil into a spout c, from which it runs 
into the trough dy running along the wall of a large chamber 
K (the oxidising chamber), roofed with glass. In front of 
the outlets of the trough are wheels «, 500 mm. in diameter, 
upon which the boiled oil falls in a thin but wide stream. 
The wheels move at the rate of 600 revolutions per minute, 
and break up the oil into fine drops, which are thrown into 
the chamber, where they slowly sink to the bottom. This rain 
of oil flows in the opposite direction to an air stream driven 
into the chamber through the pipe g by the fan /, and 
escaping through openings h in the wall, which are at the 
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greatest distance from the entry. These openings can be 
wholly or partially closed by valves i, which thus regulate 
the strength and direction of the air current. A layer of 
gauze h prevents the oil spray from passing through with 
the air. The oil collects at the bottom of the chamber and 
flows back to the boiler a, through the pipe I ; the series of 
operations is repeated until sufficient oxidation has taken place. 
The linseed oil which has been prepared simply by boiling, 
or by boiling and treating with air in the apparatus just 
described, is now spread out in very thin layers upon a 
stretched fabric and exposed to the action of a current of hot 
air. Walton has also devised various arrangements for the 
performance of this operation. The oil is first brought into 
cube-shaped vessels with an edge 90 to 100 cms. long; into 
these vessels fit wooden frames in which iron rods are placed 
above and below at certain distances and always opposite one 
another. A cotton fabric is now wound over these iron rods, 
the end of the piece being fastened in a suitable manner, 
so that a certain number of lengths, corresponding to the 
number of iron rods, are placed near together. The 
length of the fabric is adjusted so that the end is again 
fastened to the last rod. The frames carrying the cotton are 
now immersed in the linseed oil, in which they remain until 
the fabric is saturated, when they are taken out, hung up 
over the vessel to drip, and then exposed to a current of hot 
air, which converts the linseed oil in about 24 hours to a dry 
mass, no longer sticky. After drying, the frames with the 
fabric are again immersed in the oil and again dried, this 
alternate dipping and drying being continued until the layer 
is several millimetres thick. The vessels of linseed oil are 
placed in a row, the frames are dipped into them simultaneously 
by a mechanical arrangement, taken out at the same time 
and fastened at a certain height, so that manual labour is 
entirely avoided. 
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In another arrangement of the oxidising apparatus the 
fabric is fastened to iron rods, so that it hangs down length- 
ways. Above the fabric a trough rests upon rails ; it ends in 
boxes in which are narrow slits parallel to the supports of 
the fabric. The oil is pumped into the troughs, runs from 
these into the boxes, and thence through the slit on to 
the fabric, the whole length of which it traverses, and finally 
collects in a well. The oil is again pumped into the tank, 
and when the fabric is dry the oil is again led over it. This 
process is repeated until a layer of dried linseed oil about 
1 cm. thick is obtained, which naturally requires several 
months. 

The fabric is then rolled upon drums, and the layer of 
linseed oil removed by a peculiar arrangement consisting of 
rollers heated by steam, through which the end of the fabric is 
passed after the layer of dried oil has been removed for a length 
of about 1 cms. In consequence of the position of the rollers 
and the pressure they apply, the solid coating is stripped off, 
the fabric passes alone through the rollers and may be again 
saturated with oil. In the case of very thin material, which 
does not possess the necessary strength to be used a second 
time, the dried oil is not removed, but fabric and oil together 
are ground up and added to the linoleum mixture. The end 
product of Walton's process, when removed from the fabric, 
is a plate 8 to 10 mm. thick, which, in accordance with the 
periodic application of the oil, shows distinct stratification 
in section. In layers of 3 to 4 mm. thickness the mass 
is no longer transparent, and appears of a dark orange-red 
colour. In thinner layers the colour is paler ; a layer 1 mm. 
thick is yellow with a tinge of brown. The mass is com- 
pletely homogeneous, not sticky, and simUar to indiarubber, 
like which it is very elastic, but is far less soft and exposes less 
resistance to tearing. The mass is so wanting in coherence 
that it can be ground in a mortar to a yellowish-white powder. 
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which coheres with difficulty and then not permanently. It 
has a slight sweetish odour, similar to that of fresh linseed 
oil, but much milder ; it is free from taste. When heated 
it remains solid, and may be ground to powder ; under powerful 
pressure it coheres permanently. 

The process of Hertkorn, for the rapid oxidation of the 

drying oils, depends on the observation that the oxidation takes 

place much more rapidly when the oils, with or without driers, 

are spread upon, or mixed with, voluminous powdered materials, 

light in weight, through which hot air is led. The most 

suitable substance for this purpose is the mixture of cork and 

wood meal used for hnoleum. In this process the oxidation 

is complete in 1 or 2 hours, whilst for the methods previously 

used days and even months are required. The linoleum mass 

obtained by the new process is quite free from smell, thoroughly 

uniform and completely oxidised, also elastic to a high degree. 

The mixture of the oil with the fillers is the most intimate 

obtainable. In order to increase the binding power and the 

elasticity, certain hard resins are added in fine powder to the 

semi-oxidised mass. Varying quantities of the oxides of the 

alkaline earth metals, or salts of these metals with weak 

acids (soaps), are added to the linoleum mixture in order to 

prevent the spontaneous combustion of the mass saturated 

with oil. These additions impart additional hardness to the 

linoleum, with a velvet-hke smoothness, leathery pliability, 

and a toughness hitherto unobtained. 



CHAPTER VI 

BEHAVIOUR OF THE DRYING OILS AND BOILED OILS 
TOWARDS ATMOSPHERIC INFLUENCES, WATER, ACIDS, 
AND ALKALIS 

The drying oils, of which linseed oil is the only representative 
used on the large scale, and the boiled oils obtained from 
them, are rarely used alone in painting and decorating ; lin- 
seed oil is, however, so used as a priming for iron and on wood- 
work, so that the natural colour of the wood remains. A far 
more extensive use is in intimate admixture with pigments 
for painting the most varied materials — wood, metal (prin- 
cipally iron), walls (plaster), stone, and linen. Paint is used 
with the object — (1) of providing the material with another 
colour, either for aesthetic reasons or to hide the subjacent 
materials; and (2) in order to protect the material from 
external influences — rain, moisture, and air. If the wood- 
work in buildings, such as of windows, doors, etc., is not 
protected by paint it will be injured by the action both of wet 
and summer heat, will quickly lose its pale colour, and separate 
into fibres. In the presence of much moisture, especially in 
such a position that it cannot dry quickly when wetted, it will 
soon be destroyed by rot and mould. If iron is not painted it 
will be rapidly rusted by the action of the atmosphere. The 
formation of oxide, when rust has once appeared, spreads so 
rapidly by means of carbonic acid and water, which are re- 
tained by the porous rust, that thin sheet iron is rapidly 

266 
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rusted through, and may even quite fall in pieces. Unpro- 
tected plaster eagerly absorbs rain and mist ; certainly, it will 
soon dry again, but by the continued change from dry to wet 
it is injured, shells off, and finally falls away. All these dis- 
advantages are to a certain extent obviated if the surface be 
covered with a layer of a drying oil- or of a paint made from 
a drying oil, and this layer be then exposed to the action of 
the weather after an interval which depends on the position of 
the object, especially in regard to the incidence of sunlight. 
The principal reason for painting all objects is to protect them 
from the action of atmospheric influences ; we must at once 
consider the effect of these influences on coatings of boiled 
linseed oil or of paint made from it. From the changes 
undergone by the very thin dry layers of the drying oils and 
paints containing them, we know that the protection afforded 
by these coatings must be relatively brief. Linseed oil, boiled 
oil, and oil paints change, when withdrawn from all other in- 
fluences, by a further absorption of oxygen from the air and 
by the action of the sun's heat. Free linolic acid is further 
oxidised, as also unaltered linolin, and finally the end-product 
also begins to decompose and the coating then perishes. This 
is the fate of any coating of a drying oil or boiled oil, with or 
without pigments ; it occurs in a longer or shorter time accord- 
ing to the nature of the material Wood, plaster, and stone 
are of an open nature, they have pores and interstices between 
the particles, in which part of the paint is absorbed whether 
it contains oil alone or oil and pigment. Thus, on the one 
hand, an intimate combination is established, and, on the 
other, the drying oil in the pores remains undecomposed 
longer than that on the surface. With iron it is different, 
the metals have no pores, nothing can be absorbed. The 
paint remains on the surface, and thus it comes about that 
paint on iron-work has generally a briefer duration than on 
wood, plaster, or stone. 
17 
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In addition to the action of the sun, other influences 
must be considered, these are — (1) rain, fog, and snow; 
(2) the movement of the air; (3) dust and sand, which 
are thrown against the paint : (4) the gases contained in 
smoke ; (5) the pigment with which the boiled oil is mixed 
to produce the paint. 

As we have previously seen, changes occur in the dried 
layers of oil ; the coating, which was at first elastic, gradually 
becomes less elastic and more friable, finally forming a hard 
mass which can readily be scraped off. With the further 
lapse of time the layer decomposes still further, the union 
between pigment and oil is dissolved, and the pigment is 
removed from the groundwork by rain, wind, sand, and 
dust, which are driven against the object. There is no per- 
manent protection ; the practical duration of a coating of 
oil-paint upon wood and plaster, exposed to the weather, is 
taken as 5 to 10 years at a maximum, and on iron and other 
metals, also exposed to the weather, as 2 to 5 years at a 
maximum. 

The influence of rain upon paint is inconsiderable, if the 
water does not stand on it for a long time ; according to the 
author's experience, the diffusion of water through a coat of 
paint, assumed by Simon, does not take place. Simon sup- 
ported a skin of paint, removed from its original position, in 
such a manner that it formed a hollow, in which water was 
placed, which after some time appeared on the under surface 
of the paint-skin in drops. This experiment, however, proves 
nothing, for there is a very considerable difference between 
paint attached to the surface beneath and a layer removed 
from this surface. The water, deposited by rain and snow 
upon a coating of paint, generally evaporates so rapidly that 
it would not have time to permeate the paint even if the 
latter were permeable. Thus there can be no question of 
the destructive action of water when it is not continued for 
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a long period. The gases given off by fires also only damage 
paint when the action is continued for a long time, as, for 
example, on bridges below which trains pass at short intervals ; 
under these circumstances the paint is quickly destroyed. 

The action of pigments upon the drying oils and boiled 
oils has been demonstrated. The lead pigments (white lead, 
red lead) form hard solid masses in combination with the dry- 
ing oils, which is probably due to the small quantity of oil 
they require in order to produce a paint of proper consistency. 
In spite of the hardness and solidity which these paints 
possess in consequence of the small amount of oil they con- 
tain, they exert an extraordinary resistance towards atmo- 
spheric influences and water ; they produce more durable layers 
than paints containing other pigments. The pigments require 
the following quantities of linseed oil or boiled oil to form 
paint : — 





White lead . 






8-9 per ( 


lent. 




Red lead 






.6-8 






Zinc white . 






. 22 






Baryta white 






. 7 (1) , 




• 


Brunswick green . 
Oil black 
Ferric oxide . 
Burnt Turkey umber 
Burnt English umber 
Brunswick blue 
English ochre 
Vandyke brown 
Raw Sienna . 
Burnt Sienna 
Chrome yellow 
Levigated chalk 






11 

27 
. 10(?) , 
. 29 

20 

11 
16-5 

40 
37J 
37J 
15 

18 





These quantities are, however, not to be regarded as fixed 
values, very much depends upon the nature of the pigment 
and its composition ; they may be taken as average values. 
Thus, for example, zinc white requires from 1 to 1 5 per cent. 
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and white lead also requires varying quantities of oil In 
general, it may be said that pigments of crystalline nature 
take much less oil than those which are soft and clayey, such 
as many variet'os of ochre. All the pigments of high specific 
gravity, i.e. wliich take up a small volume, require much less 
raw or boiled linseed oil than voluminous pigments, so that 
the volume affords a measure of the oil required. Experience 
has shown, in the case of oil varnishes, that carriage varnish 
made with much oil is far more durable than a copal varnish 
short of oil ; thus it almost appears that to the high proportion 
of oil alone is due this durability. The durability of oil paints 
exposed to the atmosphere varies in the same manner. We 
have seen that there are pigments which require little oil, 
especially white and red lead, whilst zinc white requires more 
than twice as much. There are similar variations with all 
other pigments, and it is worth while to consider in what way 
this difference becomes evident in the paint. When 1 kilo, 
of a heavy paint is spread out upon a surface, it does not 
cover so great an extent as 1 kilo, of a light paint, simply 
because the volume of the heavy paint is smaller than that of 
the light paint. If the volume of the light paint is twice as 
great as that of the heavy, the former will cover twice the 
surface covered by the latter ; thus in this case the volume 
and not the weight is of importance. For example, if 200 
grms. of oil be taken to 1 kilo, of dry material, and for a 
lighter paint 700 grms. of oil to 1 kilo., and if the volume of 
the latter paint is twice that of the former, there will be 200 
grms. of oil in 1 volume of the heavy paint, and 350 grms. 
of oil in the same volume of the lighter paint. When half 
the total volume of the lighter paint is spread out over the 
same surface as 1 volume of the heavy paint, in the first case 
there are 200 grms. of oil, in the second, 350 grms. of oil, 
upon equal surfaces. This is only an example, in many cases 
the differences are considerably smaller, but may be even 
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larger ; it was only intended to show here that considerable 
differences may occur. When a surface of fixed extent is 
covered with a paint containing a large proportion of oil, the 
paint will be more durable, for the reasons given, than a 
coating made with a paint containing a pigment which 
requires little oil. 

Dried layers of oil or paint cannot permanently resist 
the action of alkaline solutions, caustic or carbonated; they 
are rapidly attacked on the surface, and finally are completely 
removed. The resistance towards acids is also relatively 
small, although it is possible to obtain an uninjured skin of 
varnish or paint by immersing painted zinc foil in acids, 
because the. zinc is more rapidly dissolved than the skin is 
attacked. 

Spennrath made a number of experiments upon the 
action of different agents upon paint skins, separated in the 
above manner, containing linseed oil and graphite (an in- 
different pigment), and obtained the following results : — 

1. Paint skin, containing linseed oil and graphite, kept for 
6 months under j^ure rain water. The skin was still coherent 
and elastic, but was dull and considerably damaged ; it had lost 
10*4 per cent, in weight. 

2. Paint skin, containing linseed oil and graphite, kept for 
6 months under ua water. During the experiment fungi 
developed in the water to a great extent ; where they adhered 
to the skin it was coloured white, otherwise it was uninjured, 
and had even retained its face. The elasticity was but little 
less; the loss in weight was 4*52 per cent. 

3. Paint skin, containing linseed oil and graphite, kept for 
6 months under a 10 per ceTvt, solution of common salt The 
skin was hardly attacked, but was rather dull, the elasticity 
Was unaltered; the loss in weight was 2*4 per cent. 

4. Paint skin, containing linseed oil and graphite, kept for 
6 months under a 10 per cent sol '^on of sal ammoniac. The 
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skin was externally unaltered, it was shining and elastic ; the 
loss in weight was 3*5 per cent. 

5. Paint skin, containing linseed oil and graphite, kept for 
6 months under a 10 per cent solution of magnesium chloride. 
The skin appeared to be unaltered, it was shining and elastic ; 
the loss in weight was 1*1 per cent. 

6. Paint skin, containing linseed oil and graphite, kept for 
6 months under 5 per cent sulphuric acid. The skin was 
unaltered, shining and elastic ; the loss in weight was 1'65 per 
cent. 

7. Paint skin, containing linseed oil and graphite, kept for 
3 months under 5 per cent hydrochloric acid (5 grms. of acid 
of 1*175 specific gravity and 100 grms. of water). The skin 
was considerably attacked and was dull ; the loss in weight, 
12*92 per cent. 

8. Paint skin, containing linseed oil and graphite, under 5 
per cent nitric acid. The skin was destroyed, the remains 
could not be weighed. 

9. Paint skin, containing linseed oil and graphite, hung in 
a closed space over acetic acid. After several weeks the skin 
liquefied and fell off' in drops. 

10. Paint skin, containing linseed oil and graphite, hung 
for 6 months in a closed spa^ over sea water. The skin was 
externally unaltered, was shining and elastic, but somewhat 
sticky ; there was no loss in weight. 

11. Paint skin, containing Unseed oil and graphite, hung 
up for 6 months in a closed space over anhydrous calcium 
chloride, i.e. in dry air. The skin was quite unchanged, elastic 
and shining ; the increase in weight was 0*40 per cent. 

12. Paint skin, containing linseed oil and graphite, kept 
in a closed space over fumin// hydrochloric acid of specific gravity 
1'175. In a few days the skin was destroyed and ran down 
in drops. 

13. Paint skin, containing linseed oil and graphite, kept 
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for 6 months in an aqueous extract of coal ash (alkaline 
reaction). The skin was considerably attacked, had lost in 
face and elasticity; the loss in weight was 14*8 per cent. 

14. Paint skin, containing Unseed oil and graphite, kept 
in a closed space over nitric acid of specific gravity 1'335, In 
several days the skin was destroyed and ran off in drops. 

15. Paint skin, containing linseed oil and graphite, kept 
tender a 1 per cent, solution of soda. In 3 days the skin began 
to dissolve, and before many days was completely destroyed. 

16. Paint skin, containing linseed oil and graphite, kept 
in a closed space over ammonia solution. The skin was com- 
pletely destroyed in several days, and ran off in drops. 

17. Paint skin, containing linseed oil and graphite, kept 
in a closed space over ammonium sulphide. In a few days the 
skin was completely destroyed, and ran off in drops. 

18. Paint skin, containing linseed oil and graphite, kept 
in a closed space over a solution of sulphur dioxide in water. 
In a few days the skin was destroyed, and ran off in drops. 

19. Paint skin, containing linseed oil and graphite, hung 
in a closed space over ivater at 70*^ to 80° C, for 21^. hours. 
The skin was considerably attacked, was dull, and had lost 
9*86 per cent, in weight. 

20. A paint skin, composed of linseed oil and red lead, 
was kept for 24 hours in a closed space in an atmosphere of 
sulphuretted hydrogen. It became black, dull, and rugged ; the 
increase in weight was 1*5 per cent. 

Spennrath draws the following conclusions from these 
experiments : — 

1. A cQ3.t of any paint is destroyed by dilute hydro- 
chloric and nitric acids, gaseous hydrochloric, nitric, sulphurous 
and acetic acids. Gaseous acids act more rapidly than acids in 
dilute aqueous solution. Dilute sulphuric acid does not attack 
paint. 

2. Alkaline liquids and gases : ammonia, ammonium 
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sulphide, and soda solution* rapidly destroy paint. There 
was no necessity to examine the action of caustic alkalis, 
which are known to destroy a coat of paint in a few 
moments. 

3. Pure water has much more disintegrating action than 
solutions of common salt, ammonium chloride, and magnesium 
chloride, which are known and feared as producing rust on 
iron. Sea water also has less action than pure water ; the 
salts diminish the action of the water upon the paint. The 
destructive action of sea water upon oil paints must be 
ascribed to the mechanical action of the moving water upon 
the layer of paint. 

4. Hot water acts much more rapidly upon a coating of 
oil paint than water at the ordinary temperature, and destroys 
it in a relatively shorter time. 

5. An aqueous extract of coal ash, in consequence of its 
alkaline nature, exerts a destructive action upon paint. The 
fine ash ejected from chimneys is thus a dangerous material 
when it falls upon paint. 

In these experiments various observations led to the con- 
clusion that a high temperature also affects paints in the 
absence" of chemical agents. A consideration of the experi- 
ments quoted below leads to the conclusion that higher 
temperatures (i.e, below 100° C, at which decomposition by 
heat does not occur) are the most subtle and dangerous foe to 
paint. If a paint skin be exposed to a temperature of about 
100° C, in a short time it suffers considerable alteration; it 
loses its elasticity and pliability, becomes hard and brittle, 
breaks when bent abruptly, loses weight, and is shortened by 
several per cent. At temperatures between 100° C. and the 
ordinary the same alterations occur, but more slowly. At 
120° C. a paint skin becomes in a short time as brittle 
as glass. Spennrath's experiments gave the following 
results : — 
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1. A paint skin, composed of linseed oil and gmphite, 
exposed for 5 days to air at 50" C, ; considerable loss in 
pliability and elasticity, 4*4 per cent, loss in weight, and 1*2 
per cent, shortening. 

2. Paint skin, composed of linseed oil and graphite, 
exposed for 5 days to air heated in a water hath to 9^ C. ; 
became stifiP and brittle, lost 6*07 per cent, in weight, was 3*5 
per cent, shorter, and broke when bent sharply. 

3. Paint skin, composed of linseed oil and graphite, 
exposed for 8 days to a temperature of 95° C, ; broke when 
bent abruptly, had lost elasticity and pliability ; loss in weight 
8*5 per cent., shortening 4 per cent. 

4. Paint skin, composed of linseed oil and graphite, 
exposed for 3 days at a temperature of 120° C. ; was stiff 
and brittle, loss in weight 9*5 per cent., shortening 5 
per cent. 

5. Paint skin, composed of linseed oil and red lead, 
exposed for 5 days to a temperature of 9^ C. ; was stiff and 
brittle like glass, broke on bending; loss in weight 2*11 per 
cent., shortening 4 per cent., considerably darker in colour. 

6. Paint skin, composed of Unseed oil and white lead, 
Tcept at 9^ C, for 5 days) was hard,' friable, and brittle, 
yellow in colour; loss in weight 4'1 per cent., shortening 
4*3 per cent. 

7. Paint skin, composed of linseed oil and lead sulphate, 
kept for 6 days at P5° C. ; was stiff and brittle, yellow 
in colour; loss in weight 3 '9 per cent., shortening 4 per 
cent. 

8. Paint skin, composed of linseed oil and zinc white, 
kept for 5 days at 9o C. ; was stiff and brittle, yellow 
in colour; loss in weight 5*72 per cent., shortening 4 per 
cent. 

9. Skin from paint composed of linseed oil and graphite 
diluted with 10 per cent, of turpentine, kept for 5 days at 
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9^ C,\ was stiff and brittle; loss in weight 5*48 per cent., 
shortening 4 per cent. 

1 0. Skin from paint composed of linseed oil and graphite, 
with 1 per cent, of drier, ht'pt for 5 days at 55° C, ; was stiff 
and brittle; loss in weight 6*4 per cent., shortening 4 per 
cent. 

11. Paint skin composed of poppy oil and graphite, kept 
for 5 days at 95° C. ; was stiff and brittle ; loss in weight 

8*39 per cent., shortening 3*8 per cent. 

1 2. Skin from paint composed of linseed oil and graphite, 
with 5 per cent, of mineral oil, kept for 6 days at 95'' C. ; 
was stiff and brittle ; loss in weight 6*83 per cent., shortening 
4 per cent. 

1 3. Skin from paint composed of linseed oil and graphite, 
with 1 per cent, of mineral oil, kept for 5 days at P5° C. ; 
was stiff and brittle ; loss in weight 7*8 per cent., shortening 

4 per cent. (The addition of mineral oil was made with the 
object of ascertaining whether the introduction of an in- 
different non-drying oil would cause the paint to retain its 
original softness and elasticity at a high temperature. The 
addition of mineral oil is, however, rather harmful than useful. 
More than 10 per cent, of mineral oil should not be used, 
otherwise the paint will remain tacky after drying.) 

14. Paint skin from " Bessemer paint," ^ kept for 5 days at 
95'' C] was stiff and brittle; loss in weight 6*41 per cent., 
shortening 4 per cent. 

1 5. Skin from paint made from micaceous iron ore, kept for 

5 days at 95^" C. ; was stiff and brittle ; loss in weight 4*3 per 
cent., shortening 3*5 per cent. 

From these experiments it follows :■ — All paints lose in 
weight on heating, and contract ; at the same time, they lose 
their softness and elastic nature, becoming stiff and brittle. 
Whilst the paint remains on the surface it covers, it cannot 

^ A paint for ironwork, composed of ferric oxide and boiled linseed oil. 
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contract, the layer of paint is therefore in a state of tension. 
In proportion to the intensity and duration of the action of 
heat, in particular when produced by the sun's rays, the 
tension and also the brittleness of the layer become greater ; 
finally the paint must crack. Thus there arise the cracks 
which are observed in old paint, especially on iron, and 
which form a network over the whole surface. When these 
cracks are formed the surface beneath becomes exposed to 
the action of rain. The cracks produced by heat are seen 
very clearly on old painted ceilings. If we consider that the 
ceiling of a hot room may be at a temperature of 70° C. or 
more, the appearance of cracks is at once explained. 

On comparing the natuie of paint skins of different com- 
position, it will be foimd that those made from graphite 
appear less stiff and brittle than those made from white lead 
(? and zinc white), and especially than red lead paint. The 
last named is so friable and brittle that it at once breaks 
with the least mechanical action. Now the specific gravity 
of these pigments is as follows : — 

Graphite ....... 2*3 

Zinc white 5*42 (?) 

White lead 6*43 

Bed lead 9*07 

In an equal weight of paint skin there is thus a far larger 
quantity of the metallic compounds, and therefore less oil, than 
in a coat of graphite paint. Thus it is explained why the 
dried graphite paint is not so hard as coatings of white lead, 
zinc white, or . (especially) red lead ; and further, it is clear 
why red lead paint is valued on account of its hardness. On 
the other hand, however, zinc white and white lead paints 
offer much less resistance to the action of heat than graphite 
paint ; thus we conclude that, of two paints exposed to the 
action of heat, that one will be the most durable which con- 
tains the pigment of the smaller specific gravity. 
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White paints made from zinc white, white lead, and lead 
sulphate become very yellow on heating, red lead paint turns 
dark ; indeed, in general, we may say that a pale coloured 
paint becomes yellow and brown when gently heated, and 
that a tolerably dark paint becomes darker. This change is 
due to the oil turning yellow or brown on heating. For the 
same reason ceilings, painted with pale oil paints, darken and 
finally become quite brown in places over gas or petroleum 
lamps. The darkening is generally ascribed to soot given off 
from the flames. As a matter of fact, the change is due to 
heat, which is proved by the fact that a similar change occurs 
above stoves. The Welsbach incandescent gas light also 
browns painted ceilings, although it gives off no soot. The 
hopes which had been based upon the use of the electric light 
were in this respect not fulfilled. Spennrath has observed 
that painted surfaces in the neighbourhood of incandescent 
electric lights were browned, if the latter were not at too 
great a distance from the paint. 
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CHAPTER VII 

BOILED OIL SUBSTITUTES 

In view of the ever-increasing competition and the ever- 
decreasing margin of profit in the manufacture of boiled oil, 
and of the paints made from it, it will readily be understood 
that endeavours have been made for some time to produce 
substitutes for boiled oil, which are either brought into the 
market, under that description, for use in place of boiled oil 
in preparing paints, or are employed to cheapen boiled oil 
so that it can be sold under the market price — an unfortunate 
use. When a boiled oil substitute is sold imder that name 
nothing can be said against the transaction, and the purchaser 
will know that the material cannot completely replace boiled 
linseed oil. But if boiled oil mixed with a substitute is sold, 
and the consumer is led to believe that it is only through 
exceptionally favourably circumstances that " good " boiled oil 
can be sold at so low a price, or if boiled oil mixed with a 
substitute is delivered as pure and unadulterated, the trans- 
action is at the least doubtful, to avoid a more severe but more 
appropriate term. 

Attempts to prepare a substitute for boiled linseed oil 
date back over a considerable period ; the use of other fatty 
oils, non-drying, is generally excluded, if not at all times, since 
as a rule other oils cost more than linseed oil, and since, 
finally, a boiled oil substitute is required to dry. Thus, 
supposing that non-drying oils were cheaper than the cheapest 

269 



^ 



270 DRYING OILS 

of the drying oils (linseed oil) for a lengthy period, only very 
small quantities of the non-drying oils could be added, and 
the difference in cost would not be large enough. The other 
drying oils^poppy, walnut, candle-nut, and even Chinese 
wood oil, which last might replace linseed oil with particular 
advantage — are all dearer than linseed oil, which is used 
to adulterate the other oils. Attempts to make cottonseed 
and earthnut oils dry, have indeed led to favourable results, 
but these oils, generally used as edible oils, are higher in 
price than linseed oil, if the latter has not reached an 
exceptionally high figure. Thus all the materials, which 
are not very different in value from linseed oil, are d, priori 
excluded from use as boiled oil substitutes. 

Eosin is one of the next most suitable materials for the 
preparation of boiled oil substitutes, and in fact it is -frequently 
introduced into boiled oil ; it is simply melted over the fire, 
and added to the boiled linseed oil. But in this case, also, 
small quantities could exert no considerable influence upon 
the cost, and with larger quantities the boiled oil would be 
so thick that it would be too far removed from the requisite 
degree of fluidity. Eosin also possesses the great disadvan- 
tage that it forms a thick, sticky deposit in boiled oil, in 
which it can readily be recognised ; in addition, lead and 
zinc pigments, which are the most important, thicken with 
boiled oil containing rosin, and even separate completely under 
certain conditions as lead and zinc resinates. Such material 
is useless, quite apart 'from the fact that coatings of boiled 
oil containing rosin never dry completely, but remain tacky. 
Since now a boiled oil substitute must produce a coating 
which dries hard, the simple introduction of rosin into boiled 
oil is not sufficient to yield an adequate substitute. 

The next most likely material is rosin oil, thin or thick. 
It has been used for many years as a boiled oil substitute, yet 
it has many disadvantages, not the least of which is that it 
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separates after the lapse of a longer or shorter time, especially 
in winter. Eecently greater attention has again been paid to 
rosin oil, especially since a means has been found, in the 
resinates of lead and manganese, to make it dry to a certain 
extent. The experiments made by Weger with rosin oil and 
rosin oil mixtures, in which the drying and oxygen absorp- 
tions were determined, are very interesting. The following 
are the results : — 

1. Refined rosin oUy in which 6 per cent, of lead-man- 
ganese resinate had been dissolved at 150° C. — 



Weight 


of oil 


• • 


0-0379 grm. 




Increase after 18 hours . 


0-0013 „ 


= 3-4 per cent. 










(still very tacky). 


)j 




42 „ . 


0-0058 „ 


= 15*3 per cent. (dry). 


» - 




3 days . 


00067 „ 


= 17-6 „ 


n 




5 „ 


00073 „ 


= 19-3 „ 


» 




y „ 


00075 „ 


= 19-8 „ 



2. Boiled rosin oil, consisting of 80 parts of refined rosin 
oil, 20 parts of linseed oil, and 6 per cent, of lead-manganese 
resinate, prepared in the cold — 

Weight of oil . . 0*0442 grm. 

Increase after 22 hours , 0*0039 „ =8*8 per cent. 

(nearly dry). 

„ 2 days . 0'0065 „ =14-7 per cent. (dry). 

3 „ . 0-0077 „ =17-4 „ 

5 „ . 0-0077 „ =17-4 

9 „ . 0-0081 „ =18-3 „ 






3. Boiled rosin oil, consisting of 100 parts of refined rosin 
oil, 10 parts of linseed oil, and 5 parts of lead-manganese 
resinate — 

Weight of oil . . 0-0388 grm. 

Increase after 16 hours . 0*0020 „ =5-2 per cent. 

24 „ . 0-0034 „ = 8*8 

(almost dry). 
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Increase after 3 days 



11 ,, 

26 „ 

n 93 ,, 



0-0054 grm. = 13*9 per cent (dry). 
0-0066 „ =17-0 
0-0076 „ =19-5 
0-0069 „ =17-8 



But here also the same inconveniences arise as with rosin. 
The mixtures with boiled linseed oil do not dry completely, 
the coatings remain tacky; the mixtures are very liable to 
decomposition on keeping, and the lead and zinc paints made 
from them become hard, so that they cannot be used. E^cently, 
boiled oil substitutes have been made from rosin oil which 
turn out to be usable. Also with fish oil favourable results 
are said to have been obtained, though this may legitimately 
be doubted, considering the nature of fish oils. 

Mineral oils have been used repeatedly to reduce boiled 
oil, the latter being thickened by air and mixed with benzine. 
The mixtures are said to be found suitable. The ordinary 
thick or thin mineral oils, cylinder oils, spindle oils, paraffin 
oils, and debloomed oils may be mixed in small quantity with 
boiled oil ; they do not then particularly retard the drying, as 
is mentioned in another place. Large additions, on the other 
hand, as the author observed many years ago, separate in 
drying from the boiled linseed oil, and, when the latter has 
become a solid layer, remain still wet upon the dry skin, and 
may readily be wiped off. 

No boiled oil substitutes, whatever their advantages, are in 
a position to replace boiled linseed oil completely ; they will 
always produce more or less friable skins, readily rubbed off; 
they will not withstand atmospheric influences, and will (with 
a single exception) be wanting in the desired elasticity, which 
is the principal characteristic of boiled linseed or other drying 
oil. It is exactly the same with rosin in oil varnishes ; none 
of the artificial products — rosin soaps, esters, copal substitutes, 
etc. — can ever replace the copals ; they are always inefficient 
substitutes. 
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Substitute for boiled oil from rosin soaps. — The acid 
of rosin (sylvic acid) forms solid compounds with lead and 
manganese, used as driers, in which the sticky and soft 
nature of rosin is more or less absent, and which may 
be dissolved readily and almost completely in one or more 
of the ordinary solvents : benzene, petroleum ether, solvent 
naphtha, turpentine, petroleum, etc. These rosin soap solu- 
tions produce coatings, which are hard and do not soften or 
stick, and well resist the action of water. The fatty acid 
compounds of the heavy metals also possess these valuable 
properties to a greater or less extent ; generally they are not 
as applicable as the rosin compounds, on account of the 
higher market price of fats (lard, cocoa-nut oil, palm oil, 
etc.), so that as a rule they cannot be used. 

If ground rosin be dissolved in boiling soda solution, an 
operation which requires little time, and the solution be 
precipitated hot or cold by the aqueous solution of a metallic 
salt, e.g. aluminium sulphate, ferrous sulphate, zinc sulphate, 
copper sulphate, etc., generally speaking, by metallic salts, 
the acids of which can drive out the carbonic acid from the 
soda-rosin solution, the metallic sylvates are precipitated as 
coherent masses, more or less sticky whilst hot, and white, 
brown, green, etc., in colour, according to the nature of the 
metal. If cold solutions are used in the precipitation, the 
compound forms small particles, which do not unite until 
heat is applied. Of the metallic sylvates, the zinc and iron 
compounds are especially adapted to the preparation of boiled 
oil substitutes, and in less degree the aluminium and copper 
compounds. The iron compound is the most suitable ; it is 
extremely hard, remains elastic even after years, is never 
sticky, and is readily and completely soluble in solvents. 
Unfortunately, it possesses an intense rust-brown colour, which 
it imparts to pigments with which it is mixed, so that it can 
only be used for dark paints : Indian red, ochre, brown, and 
t8 
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black. Zinc sylvate has been found to be the most suitable 
for the preparation of a really practical substitute, wliich dries 
well, is not sticky, and may be ground with white lead and 
zinc white without producing hardening or decomposition. 
From it a substitute for boiled oil can be made, which com- 
pletely satisfies all requirements, and may be mixed with 
l^oiled oil in any proportions. This substance is prepared 
as follows. The apparatus required consists of a large 
iron pan with an outlet and a tap half-way up, and a 
smaller iron pan, both of which may be heated by fire or by 
steam. 

Quantities, 

15 kilos, of ordinary soda crystals. 

25 „ rosin, pale or dark, according to the colour required, 

15 „ zinc sulphate. 

250 „ water. 

50 „ ^ater to dissolve the zinc sulphate. 

12-5 „ boiled oil. 

25 „ petroleum or petroleum ether. 

Process. — 250 kilos, of water are heated to boiling in the 
large pan, in it 15 kilos, of soda are dissolved, and then, the 
liquid being kept boiling, 25 kilos, of rosin in fine powder 
(ground in a mill) are introduced gradually, a fresh quantity 
being added only when the last has dissolved. The pan 
in which this operation is performed must be large enough 
to contain double the above quantities, that is, about 600 
kilos. When all the rosin has dissolved the zinc sulphate 
solution, made in the second pan from 15 kilos, of zinc 
sulphate and 50 kilos, of water, is gradually poured into the 
soda-rosin solution whilst stirring. The mixture effervesces 
and rises, so that the precipitation must be cautiously con- 
ducted. When all the zinc sulphate solution has been added 
and the zinc sylvate has separated, the mixture is again 
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heated to boiling. When the temperature is sufficiently high 
the zinc soap collects to a resinous mass ; after cooling, the 
water, which contains Glauber's salt, is drawn off, and thrown 
away or evaporated. 

The zinc sylvate may now be treated in two ways : — 

(1) The mass is taken out of the pan, dried in thin 
layers upon frames in a drying room, and then dissolved in 
the heated boiled oil. 

(2) The mass is melted with boiled oil whilst still wet, 
in which operation care is necessary, since the water may 
cause the mixture to overflow. 

In either case the heating ig continued at a temperature 
of 120° to 130° C. until a portion of the melted mass, 
dropped upon glass, is seen to be quite clear, transparent, 
and without turbidity. When this is the case the pan 
is removed from the fire (or if the pan is built in, the 
fire is extinguished), the contents are allowed to cool to 
50° to 60° C, and then, whilst stirring, 25 kilos, of high- 
boiling petroleum or 25 kilos, of petroleum ether are added, 
according to the cost and the consistency desired. The 
boiled oil substitute made from petroleum ether naturally 
dries in considerably shorter time than that made from 
petroleum. The finished product is tanked, or, if it is 
to be sent away at once, is filtered, which is best done in 
a bag-filter. 

Different consistencies of the boiled oil substitute are 
obtained by using larger or smaller quantities of petroleum 
or benzine, which is merely a solvent ; the quantity of boiled 
linseed oil may also be reduced to 5 kilos, for 25 kilos, of 
rosin ; in this case the cost is lower. 

In case the preparation of zinc sylvate offers difficulties on 
account of the effervescence and the large pan required, the 
following method may be adopted. The soda-rosin solution 
is poured into a large wooden tub, the zinc sulphate solution 
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added, and the mixture thoroughly stirred, after which a 
solution of 100 grms. of caustic soda is introduced. When 
the zinc soap is completely precipitated the water is run off, 
and the mass transferred to a large sack (an ordinary sack 
such as is used for chalk, fruit, etc.), which is suspended 
from several points. The liquid begins to run away when 
the bag is filled, and the zinc soap remains behind. When 
the sack is nearly full, it is tied up, the liquid removed by 
loading with weights, and the bag with its contents brought 
into an ordinary spindle press, in which the press plates 
are screwed together until the liquid is almost completely 
expressed, so that the cake is nearly solid. It is taken out 
of the sack, broken up and completely dried in thin layers 
in the air or in a drying stove ; it is then utilised according 
to the previous method. 

Oster's linseed oil substitute. — 5 2 3 parts by weight 
of pale Burgundy pitch are melted and mixed with 2*735 
parts of crude cottonseed oil and 0*5 part of thick Dutch 
stand oil, both previously heated to 80° C. Then 3*5 parts 
of petroleum at the same temperature are added, and the 
whole heated; after cooling, 0*025 part of oil of valerian 
and 0*025 part of essence of mirbane are introduced, and 
the solution allowed to brighten. It is stated that this oil 
may be used instead of linseed oil in all its applications. 
The drying power may be increased by previously heating 
the cottonseed oil with 3 per cent, of litharge. 

Goldblum's boiled oil substitute. — This product is not 
only considerably cheaper than linseed oil, the advantages of 
which it possesses in increased measure without having its 
impleasant smell and danger of causing fire ; it has con- 
siderably greater drying power, and may be mixed in all 
proportions with paints of every kind. 

This substance is made by dissolving ground rosin in a 
suitable quantity of benzene, benzine, or naphtha whilst 
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stirring; for example, 50 parts by weight of rosin in 100 
parts by weight of solvent. The solution is then treated 
under constant stirring with coarsely powdered soda or 
another alkaline carbonate, which, without uniting with the 
rosin itself, by an action partly mechanical and partly 
chemical causes the impurities to separate as a precipitate. 
At the same time, the water which occurs in ordinary com- 
mercial rosin is removed by the calcined soda. The residue 
and the excess of soda are then separated by filtering from 
the Uquid, which now forms a clear solution, and does not 
become turbid on long standing. 

The alkaline carbonate may be used in the proportion 
of 12 to 15 parts to 50 parts of rosin. Other alkaline 
carbonates may be used instead of soda, which cannot, 
however, be replaced by the carbonates or oxides of the 
alkaline earths, since the latter form from the rosin 
metallic soaps soluble in benzine, which would separate 
and make tuibid the finished product. In this process, on 
the contrary, the rosin itself is in no way attacked, and 
the applicability of the product is not only not diminished 
but considerably increased. In comparison with the pre- 
parations obtained by treating rosin with lime or other 
alkaline earths, the products of this process have the advan- 
tage that they do not possess the stickiness caused by the 
lime soap. 

Pietzker's boiled oil substitute. — Ordinary rosin is 
melted, 50 per cent, of manganese resinate or linoleate or 
the corresponding lead or copper compound is dissolved in 
it, and the mixture heated to boiling. Then 20 to 40 per 
cent, of the following compounds is dissolved in water, 
of which an equal quantity is taken — potassium, sodium, 
calcium, magnesium, lead, zinc hyposulphite ; potassium, 
sodium, calcium, barium, strontium, magnesium, lead, man- 
ganese, zinc sulphite ; potassium, sodium, barium, strontium, 
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calcium sulphide. When these compounds are not soluble 
in water they are stirred with the same quantity. In the 
meantime the rosin has been allowed to cool to 100** C, the 
solution is now added to it, and the mixture well stirred, 
when a soft, turbid, yellowish-white mass is produced. This 
is then heated at 100° C. until all the water is driven ofif and 
the mass is again quite clear. The sulphur compound falls 
to the bottom; 5 to 20 per cent, of the rosin so treated is 
dissolved in heated rosin oil in which has been dissolved 
3 to 5 per cent, of the driers mentioned at the commence- 
ment. The same result may also be obtained in the following 
manner: — 5 to 15 per cent, of rosin and 5 per cent, of one 
of the above driers are dissolved in rosin oil. Then 5 per 
cent, of the sulphur compound is dissolved in 3 times as 
much water, the solution mixed with the oil, so that an 
emulsion forms if possible, which is then heated at 60° to 
80° C, according to the quantity, for ^ to 2 hours with con- 
stant stirring. The oil is allowed to stand at the same tem- 
perature to separate and brighten. 

Pietzker's boiled rosin oil. — One of the driers before 
mentioned is dissolved in rosin oil, 3 to 5 per cent, of resinate 
or linoleate of manganese or lead is sufl&cient. Then the 
rosin oil is mixed at 50° C, to which it has been heated, 
by means of a stirrer with a strong solution of the fol- 
lowing salts (the exact strength of the solution is unim- 
portant): the chlorates, chlorites, hypochlorites, and chlorides 
of potassium, sodium, ammonium, barium, strontium, and . 
calcium. The mixture is allowed to stand at the same 
temperature until the oil and solution have separated, and 
the former has become clear. 

Boiled rosin oil. — (A method tested in practice.) For 
this boiled oil substitute either crude thick rosin oil or thin 
refined rosin oil may be used. The essential part of the 
process is that it is absolutely necessary to treat the rosin 
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oil with precipitated (not fused) manganese resinate at 130° 
to 140'' C. for at least 3 to 4 hours, so that the drier may 
be dissolved completely. The proportions are — 

(1) 200 kilos, of crude rosin oil. 

15 „ precipitated manganese resinate. 
20 „ linseed oil. 
100 „ boiled linseed oil. 

(2) 100 kilos, of refined rosin oil. 

5 „ manganese resinate. 
10 „ boiled linseed oil. 

The raw or boiled linseed oil is heated with the manganese 
resinate until the latter has dissolved to a dark reddish-brown 
solution, which action generally takes place at ISO"" to 160° C, 
the crude or refined rosin oil is next slowly added whilst 
stirring; the mixture is then heated at 130° to 140° C. for 
3 to 4 hours. After this time the boiled oil of formula (1) 
is added, and the mixture heated for 30 minutes more at the 
same temperature ; the finished product is then left at rest. 
The proportion of boiled linseed oil may be altered as desired, 
more or less may be used ; boiled linseed oil may also be 
add^d to the oil made from refined rosin oil, by which the 
quality is improved and the cost proportionately increased. 
Boiled rosin oil made in this way dries well; it does not 
decompose either on long keeping or in combination with 
pigments (in particular there is no action with white lead or 
zinc white) ; it answers to all the requirements which may 
legitimately be made of a boiled oil substitute. 

Boiled rosin oil — Halphen's method. — 1. With man- 
ganese resinate or oleate, — 60 parts of manganese resinate or 
oleate are dissolved in ordinary rosin and the mixture heated 
until it is quite clear. 20 to 40 parts of a sulphite or 
hyposulphite are dissolved in an equal quantity of water. 
The two liquids are mixed when the rosin solution has 
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cooled to 100'' C. A yellowish- white turbid mass of the 
consistency of tar results; it is heated at 100° C. until all 
the water has evaporated, when it is clear. 5 to 20 parts of 
this mass are mixed with 100 parts of rosin oil to which 
3 to 5 parts of manganese resinate or oleate have been added. 

2. With lead and manganese oxides. — 100 parts of rosin 
oil, 3 parts of litharge, and 10 parts of manganese peroxide 
are boiled in a tinned pan for 2 hours without stirring, and 
then allowed to settle during 24 hours. A pale oil is 
obtained, which dries better than ordinary linseed oil. 

Boiled oil substitute from fish oil. — For several years 
a number of painters have replaced linseed oil by a product 
obtained from fish oil, which is stated to have better qualities 
in conjunction with a lower price. Into a wooden barrel are 
brought 144 litres of good vinegar, 6 kilos, of litharge, and 
6 kilos, of zinc sulphate ; the barrel is rolled about for a 
long time, and the liquid then poured into 100 litres of fish' 
oil — that obtained in the Pacific is the best. The mixture 
is well stirred, and then left at rest for 24 hours ; when the 
clear oil is drawn off, f of the original quantity is obtained ; 
54 litres of linseed oil and 9 litres of turpentine are at 
once added. The liquid is left at rest for several days, and 
then drawn off. The residue is mixed with an equal volume 
of milk of lime, and used for painting wood and iron which 
are exposed to the air. 

Sommers process. — 100 parts by weight of refined fish 
oil are dissolved in 75 to 100 parts of a solvent such as 
petroleum, benzine, etc., and a suitable quantity of chloride 
of sulphur then added. The acids, which are formed, are 
removed by sending a current of dry air through the mixture, 
which takes with it the hydrochloric acid. The remaining 
acid is absorbed by 2 to 3 parts by weight of turpentine, 
finally a small quantity of manganese soap dissolved in 
linseed oil is added. 
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Boiled oil substitute from Grisee oil. — The raw 

material is obtained from a well bored at Grisee in Java ; 
it has a syrupy consistency, is brown in colour, forms emul- 
sions with salt water, and has the specific gravity 0*97. The 
oil is refined by heating to about 80° C. Occasionally the 
emulsion is previously treated with salts or light solvents, 
such as benzine, in order to facilitate the partial separation 
of the water. In order to obtain oil drying within a 
definite time, the following treatment is adopted : — The 
oil after mechanical purification is partially distilled, the 
thick residue is then dissolved in volatile solvents, such as 
benzine, chloroform, carbon tetrachloride, etc. ; the time 
required for drying is determined by the solvent chosen. 
The distillation of the oil is carried out at 300° C. ; the 
varnish-like residue then constitutes 40 per cent, of the 
original oil. 

Boiled oil substitute from the residues of petroleum 
refining. — The endeavours to prepare a boiled oil substitute 
from the tar obtained in treating crude petroleum with 
sulphuric acid are not new; in 1863 Adolph Michigan took 
out an American patent, according to which the acids pro- 
duced in refining are treated with 40 per cent, of water 
and 20 per cent, of caustic alkali; the resulting fluid tar 
was said to be used for mixing with paints. The patents 
of Zemy followed in 1876 and 1877; the acid tar was 
neutralised and washed with water and alkalis, and then 
oxidised by means of a current of hot air, or the readily 
volatile constituents were removed by heating in pans with 
strong soda solution of 20° B. The addition of substances 
to accelerate the oxidation — lead and manganese oxides — 
was also recommended. When the mass was quite hard 
on cooling, the operation was finished ; it then formed dark 
brown solutions on treating with organic solvents. 

E. Zalozieki has recently worked out a process of practical 
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value for preparing a drying oil. The raw material is 
obtained by treating oils from various sources with strong 
sulplmric acid, allowing to stand, and drawing off the acid 
'tar, which is then stirred with i to 1 part of water by 
weight. Three layers form, the lower, containing dilute 
sulphuric acid, deep reddish-brown in colour ; the two upper 
layers contain the precipitated products of the action of 
sulphuric acid upon petroleum, consisting of polymerised 
constituents of the oil, organic sulphonic acids, and sul- 
phones. From these two upper layers a vehicle for pig- 
ments is manufactured; they are drawn off, heated in pans 
with an equal volume of water, and neutralised, whilst 
stirring, by caustic alkalis or basic oxides (lime, baryta, 
magnesia, etc.), or by carbonates and organic bases. The 
essential product is then obtained as a red homogeneous 
mass, which only requires to be dissolved in the proper 
solvent. For this purpose a mixture of alcohols and 
hydrocarbons is used ; it is obtained by mixing amyl, methyl, 
and ethyl alcohol with benzine, turpentine, or light tar- 
oil. The mass obtained as stated above is made anhydrous 
by drying or treating with superheated steam, and is then 
introduced in the cold into the above solvent. It dissolves 
almost completely, the uniform solution is then drawn off. 
Two different solutions may also be obtained by stirring 
the substance, without further treatment, into a mixture 
of equal parts of 50 per cent, spirit, benzine, and turpen- 
tine in the cold ; on standing, two layers are obtained, the 
upper containing oil and hydrocarbons, the lower, alkalis ; 
the layers are filtered and separated. The final product 
is theoretically a solution of metallic soaps. The product 
is fairly stable, does not change when exposed to air and 
light, but is acted upon by water. Fresh acid tar only is 
suitable for preparing this substance ; in it the polymerised 
constituents completely predominate over the sulphonic acids, 



BOILED OIL SUBSTITUTES 283 

which are harmful in large quantity, and cause the product 
to be readily acted upon by water. On the other hand, 
the petroleum acids are very valuable for this purpose, 
since they produce the necessary driers. In previous re- 
searches these acids were neutralised and thus made in- 
active, which was the cause of the failures in treating the 
acid tar. 



CHAPTER VIII 

THE MANUFACTURE OF SOLID AND LIQUID DRIERS 
FROM LINSEED OIL AND ROSIN 

Liquid driers have been made for many years from linseed 
oil, and used in large quantities in practice, mixed with paints 
and varnishes, in order to accelerate drying. Originally, and 
until the last 25 years, they were called siccatives, and every 
speciaUst, painter, and varnisher knew that by this term a 
solution of linseed oil lead (or manganese) soap in turpentine 
was understood. In addition to this siccative, which was 
made in colours varying from pale yellow to dark brown, a 
viscous substance, made in a similar manner, was known as 
" boiled oil extract " ; it was intended to make linseed oil 
dry, simply by mixing the two substances without raising the 
temperature. Since that time the use of the word siccative 
has quite changed ; it is now used to designate those sub- 
stances mentioned previously, generally metallic oxides and 
their compounds, which are added to linseed oil or other dry- 
ing oils, at higher or lower temperatures, in order to make 
them capable of absorbing oxygen from the air and of drying 
by its action. The term is not well chosen, having regard to 
what is understood in practice as a siccative, and has been 
replaced in every case in this book by the term " drier." 
The word siccative is derived from secco, that ia, dry ; it should 
be restricted to its original meaning, the general use of the 
term siccative for both solid and liquid driers leads to many 
misunderstandings. [In the following pages the more usual 
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English name — terebine — is applied to the liquid driers or 
siccatives.] 

In recent years the driers introduced under the terms : 
siccative, terebine, oleobenthine, xerotine, cementine, rapidine, 
and other fantastic names more or less happily chosen, have 
been composed according to the following methods : — 

1. Solutions in turpentine of lead and manganese linseed 
oil plasters, differing widely in composition and mode of 
manufacture. 

2. Solutions in turpentine or benzine of lead resinate and 
manganese compounds. 

3. Solutions in drying oils, generally linseed oil, of lead 
resinate and manganese compounds. 

4. Solutions in turpentine of so-called hard resins, or 
even of rosin. 

Of these, only the first three can really be regarded as 
driers ; solutions of hard resins and rosia can impart no 
drying power, and should not be sold by reputable makers. 

Terebines vary greatly in colour and consistency, — in 
colour, from pale yellow to dark brown ; in consistency the 
variation is not so great, it lies between that of a liquid 
almost as mobile as turpentine and that of varnish. In former 
years consumers demanded thick terebines, which, however, 
were generally not clear, and left much to be desired in 
drying capacity. Wow only thin terebines are made, which 
contain the linseed oil lead or manganese plaster completely 
dissolved. Terebine should possess the following properties: — 

1. The colour should be as pale as possible, so that white 
paints are not tinged and given a brownish hue. The colour 
of the terebine is unimportant in the case of dark paints, and 
it should be remarked that dark varieties, as a rule, possess 
far greater drying powers than pale. 

2. The consistency should lie within the limits mentioned 
above, yet it may easily occur that a thin terebine has far 
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greater drying power than a thick preparation, since this 
property depends upon the complete solution of the lead and 
manganese compounds. 

3. Clearness, — Every terebine, pale or dark, should be 
clear ; turbidity is due to undissolved or separated compounds, 
which possess no drying power. 

4. Drying power, — This is the most important property 
of a terebine ; it varies in an extraordinary degree according 
to the composition and the care with which the manufacture 
is conducted. The opinion as to the manner in which this 
property is to be tested varies to a similar extent. The 
terebine is required to dry in thin layers upon metal or 
glass within 15 minutes, others extend the time to an hour, 
others again determine the time required to dry when the 
terebine is mixed with ochre to the consistency of cement, 
i,e. to become so hard that the mass can be separated from 
the surface beneath, and so on. All these tests give no 
correct estimate of the drying power, for a terebine which 
does not answer to them may possess remarkable drying 
power, and, on the other hand, a preparation which completely 
answers these requirements may turn out to be a bad drier, 
which would be the case with solutions of the hard resins. The 
only safe method for testing the activity of a terebine is to mix 
it in a definite proportion with tanked or filtered linseed oil, 
to spread out the mixture upon metal or glass in a thin layer 
after the turbidity has settled, and to observe the time the 
oil requires to dry. In general it would be required of a good 
terebine that linseed oil, when mixed with 5 per cent., should 
dry within 24 hours; if the oil dries in a shorter time and 
with less terebine, the preparation is of better quality, but if 
more than 24 hours are required, or larger quantities of the 
terebine, the quality is to be regarded as unsatisfactory. 

Terebines, as we have seen above, may be divided into 
three classes ; the preparation of those belonging to the first 
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class, made from lead or manganese plaster, will alone be 
given in detail. In regard to the two other classes, we shall 
merely give a method for preparing the solid compounds, since 
the method for obtaining terebine from these only requires a 
simple process of solution with the application of heat. 

Terebine from linseed oil and lead and manganese 
compounds. — As we have already seen, terebines are solu- 
tions of linseed oil lead or manganese plasters in turpentine. 
In the first place, we must consider the correct and appro- 
priate method of obtaining the intermediate product. The 
principle of the process is very simple : linseed oil is boiled 
with substances containing the correct quantities of lead or 
manganese oxides for so long and at such a temperature that 
a plaster results, i.e. until the hnseed oil has reacted with the 
metallic compounds to form a solid friable mass, slimy in places, 
which dissolves completely in solvents, especially in turpentine, 
producing a solution which in clearing forms very little deposit, 
which latter should contain no metal. The quantity of this de- 
posit depends upon the lead and manganese compounds employed; 
if these contain valueless substances in addition to the active 
constituent, the former will make the oil thick but will not act 
upon it, so that a larger deposit will be formed than when sub- 
stances are used which contain only oxides or their compounds. 

The substances which are principally used in the prepara- 
tion of terebines are — 

Lead compounds. — Litharge, red lead, white lead, lead 
acetate ; 

Manganese compounds. — Manganous borate, manganic 
hydrate, manganese resinate, pyrolusite. 

Formerly there were also used: low qualities of white lead 
(containing chalk or barytes), umber, and shale brown (con- 
taining manganese). These substances are no longer used, 
since they make the oil unnecessarily thick without producing 
a proper action, and since the finished product brightens with 
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difficulty. Even pyrolusite has almost gone out of use, be- 
cause manganic hydrate, on account of its purity, gives consider- 
ably better results. All the substances mentioned must be as 
free from water as possible ; if it can be arranged, they should 
be exposed in thin layers for several days at a temperature of 
25"" to 30° C, so that any moisture may be given off. Sugar of 
lead, which contains large quantities of water of crystallisation, 
is treated in a special manner in order to remove this water. 
It is melted in an enamelled iron pan over a moderate fire, and 
heated at about 120"* C, with constant stirring, until the water 
is almost entirely driven off and the liquid begins to produce 
a powder. It is then poured out upon plates, allowed to cool, 
powdered, and preserved in closed vessels. It is important not 
to raise the temperature far above 120° C, otherwise the acetic 
acid will decompose, which is not the intention. If ordinary 
crystallised lead acetate be used, as is even now frequently the 
case, decomposition occurs in the finished product on account 
of the action of water, and the whole batch is made unsaleable. 
The cause of this decomposition is unknown to many manufac- 
turers, since they are not acquainted with the materials and 
principles of the process. 

The quantities of the lead and manganese compounds, 
which are used in preparing terebine, vary to an extraordinary 
degree. As a rule, the driers, as they may briefly be desig- 
nated, are combined, i.e. a certain quantity of the two lead 
oxides is used together with a definite but small amount of 
the manganese compound. The reason for the use of dif- 
ferent quantities of driers is that the same temperature is not 
always employed. If a smaller quantity of driers be used, 
suitable plaster is obtained in a short time at high tempera- 
tures, at which the reaction takes place rapidly ; if larger 
quantities of driers be used at a lower temperature, a longer 
time is required to effect their combination with the linseed 
oil. Very divergent opinions are held as to which is the 
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better method ; the author's experience has taught him that 
smaller quantities of driers, a high temperature, and conse- 
quently a rapid reaction, produce a much better product than 
long boiling. In this way he obtains a terebine which clears 
quickly, dries well, and communicates good drying powers to 
oil. Terebines made at a low temperature clear slowly ; they 
dry well, but communicate less drying power to oil. The 
last mentioned is the most important property of terebine. 
The quantity of the lead and manganese compounds used in 
the preparation of terebine should be 70 to 90 per cent, of 
the weight of the linseed oil. 

The vessels for the manufacture may be chosen as 
desired ; the fuel may be charcoal, coal, or gas, according to 
local conditions. Steam can be used only when superheated ; 
steam at ordinary pressures would not produce the requisite 
temperature, and too long boiling would be necessary. Small 
pans, capable of being moved by two men, are more advan- 
tageous, since the boiling mass frequently froths up, when 
the pan must be removed from the fire. The cooling 
of large pans built in brickwork is difficult to accomplish, 
on account of the heat retained by the setting. What- 
ever form of pan is used, its capacity must be at least 
six times the volume of the linseed oil and driers to be 
heated in it. 

In preparing the liquid driers obtained from linseed oil 
and metallic oxides, the solvent naturally plays an important 
part, and it will not be superfluous to make a few remarks 
in this connection in order to make clear the points which 
must be considered. Linseed oil lead plaster, the essential 
constituent of all terebines which are not simple resin solu- 
tions, is, according to the method of preparation, either sticky 
or friable with a certain degree of softness ; it requires a 
long time to become really hard. In order to convert this 
lead plaster into a liquid drier, it must be diluted with a 
19 
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solvent whilst it is still liquid, which is the usual method, or 
it must be dissolved later on with the application of heat. 
The solvents used for this purpose are turpentine of various 
sources, petroleum distillates (benzine) of various densities and 
volatilities, or coal-tar distillates — benzene, toluene, solvent 
naphtha, •etc. In consideration of the large quantity of 
this solvent employed, which frequently amounts to 4 to 6 
times the quantity of linseed oil used for the plaster, it is 
of interest to know whether it plays any part in the drying 
process or merely volatilises. In regard to (spirits of) 
turpentine, which is used as a solvent almost exclusively at 
the present time, in spite of its high price, the action of 
light and air must be considered. It should be stated, 
however, that the above-mentioned petroleum and coal-tar 
distillates are likely to restrict the use of turpentine on 
account of their low price. Turpentine adulterated with these 
distillates and turpentine substitutes, composed essentially of 
them, are at the present time important articles of commerce. 
Turpentine (spirits of) rapidly changes on standing in the 
air in open vessels, especially in the presence of light ; it 
becomes thick, the specific gravity and boiling point rise, the 
solubility in 9 per cent, alcohol increases ; at first neutral, it 
becomes acid ; it resinifies and, as the technical expression 
runs, turns rancid. Formerly such turpentine was termed 
ozonised, since it has strong oxidising properties. All these 
changes are due to slow oxidation by the oxygen of the air. 
Normal American turpentine, 0*867 specific gravity, after 
standing for 7 weeks in a closed bottle partially filled with 
air, had the specific gravity 0*897, and gave a clear solution 
with 3 to 5 volumes of 90 per cent, alcohol, whilst the 
original substance required 6 volumes. Another sample of 
American turpentine had, after long standing, the specific 
gravity 0*913, and gave a clear solution with 3 volumes of 
90 per cent, alcohol. A sample of French turpentine, after 
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keeping for 4 years in a tightly corked bottle, not quite filled, 
altered in the following manner : — 



Specific gravity 
Optical rotation 

Yolume of 80 per cent, alcohol 
required to form a clear solution 



Original normal After four 
Turpentine. Years. 

0-871 1-009 



- 29° 55' - 19° 18' 



20 



The oxidised oil was soluble in every proportion in 90 per 
cent, alcohol. 

The varieties of turpentine absorb oxygen in different 



Variety of 


LL IIUIII tJLiC lUlXU' 


Oxygen Absorption. 


' Turpentine. 




Volunnes. 


i^'rench 




100 


Kussian 




100 


Swedish 




100 


Swiss 




89-4 


American . 




78-9 


Swedish, adulterated . 


52-6 


American . 


... 


42-1 


Eucalyptus oil 


. . .  


75-0 



Thus 1 C.C. of French spirits of turpentine, which is recognised 
to be the best, can absorb 100 c.c. of oxygen. 

Schonbein supposed that turpentine became charged with 
ozone during the oxidation, the oxygen of the air being 
changed by the turpentine into the acid modification. More 
recently, Kingzett, Bardsky, and Papasogli have shown that 
oxidised turpentine contains no ozone, but hydrogen peroxide. 
Jjoew showed that turpentine, oxidised in the presence of 
moisture, contains other substances in addition to hydrogen 
peroxide, for it separates iodine from potassium iodide, which 
,is not a property of hydrogen peroxide. This action is rather 
to be ascribed, as Kingzett had already assumed, to organic 
peroxides, which decompose with water in such a manner 
that hydrogen peroxide is finally formed, apparently with the 
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intermediate production of hydrated peroxides. The explana- 
tion of these processes has been given recently by Engler and 
Weissberg, who showed that when absolutely dry turpentine is 
made " active," neither hydrogen peroxide nor ozone is formed. 
They also showed that turpentine makes oxygen " active " most 
rapidly at 100° C, and that above 100° C. no " active " oxygen 
is formed, but instead the " active " oxygen is used to oxidise 
the turpentine. 

Turpentine, charged with oxygen in the presence or 
absence of moisture, is able to transfer the oxygen to sub- 
stances not directly oxidisable by the oxygen of the air, thus, 
as has been stated above, iodine is separated from potassium 
iodide, also indigo solution is bleached, and arsenious acid 
oxidised to arsenic acid. " Active " turpentine retains its 
properties for years when kept in the dark. 

The products of the oxidation of turpentine are not well 
known. It has been shown with certainty that formic, acetic, and 
camphoric acids are formed. A small quantity of an aldehyde, 
corresponding in composition to camphoric aldehyde, has been 
found ; it possesses an overpowering odour, and is apparently 
the cause of the similar odour of " rancid " turpentine. These 
oxidations and alterations of turpentine take place more rapidly 
when heated air saturated with water vapour is passed through. 

By the action of direct sunlight upon moist turpentine in 
the presence of air, or better, of oxygen, pinol hydrate is formed, 
which crystallises in leaflets or needles, according to the 
solvent; its inactive modification melts at 131° C. 

By these scientifically ascertained facts it is clearly 
shown that turpentine is in a high degree capable of absorb- 
ing oxygen and again giving it up, as in the drying of varnishes, 
terebines, and paint, thus acting as an oxygen carrier. The 
action of turpentine as an oxygen carrier is very clearly 
shown by the case detailed below. In the previous year 
a manufacturer of oilcloth appealed to the author for au 
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explanation of the following phenomonen : — A marble oilcloth, 
varnished by hand, was white ; whilst, when the same varnish 
was applied w4th the machine, the yellow shade which 
appeared on application was not lost, but the cloth remained 
yellow. There was no difficulty in explaining the cause, 
since it was known that in varnishing by hand the varnish 
was diluted with turpentine, but in varnishing with the 
machine, with benzine. This explanation was not given at 
once, since it would have been received with doubt by the ex- 
perienced manufacturer and by his foreman of 3 5 years' stand- 
ing. The author had samples made by hand and by machine, 
the varnish being diluted in each case with turpentine. The 
coats of varnish made with turpentine became colourless, 
whilst the varnish diluted with benzine remained as yellow 
when dry as were all the samples immediately after applica- 
tion. Thus only the absorption of oxygen by the turpentine 
could have caused the bleaching of the yellow varnish, and 
there is no doubt that this oxygen absorption has a con- 
siderable influence upon the drying and hardening of varnishes 
and terebines, and that account must be taken of this influence. 
Ten years before, when the first turpentine substitutes were 
introduced, the author showed that varnishes made from them 
dried far more slowly than those made with turpentine, the 
varnishes being otherwise quite the same. 

The substitutes for turpentine, which generally consist of 
benzine, rosin spirit, solvent naphtha, camphor oil, and larger or 
smaller quantities of turpentine, or even of these hydrocarbons 
mixed with traces of an essential oil to improve the smell, may 
be similar in specific gravity to turpentine, but an absorption of 
oxygen can never occur; these substitutes therefore considerably 
decrease the drying power. In this connection Lippert remarks 
as follows: — Although the substitutes for turpentine — fractions 
of petroleum and benzine — are objectionable in the first place 
on account of their smell, yet it would be profitable to redistil 
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them, considering the present high price of turpentine. By 
redistillation the smell would be considerably although not com- 
pletely removed, and the distillates, which are similar in specific 
gravity to pure turpentine, would attain a tolerably high flash 
point, so that the danger of fire would be diminished. It 
would be supposed that varnishes diluted with these volatile 
distillates would dry readily on account of the rapid evapora- 
tion. But it has been found that when a varnish is diluted 
to the proper consistency, on the one hand, with turpentine, 
and, on the other, with benzine, the varnish containing tur- 
pentine sets and dries off much more rapidly than the varnish 
containing benzine, which even remains tacky for a long time. 
Since benzine and petroleum can absorb no oxygen from the 
air, whilst turpentine is capable of absorbing and also of 
transferring it, also since we know from chemical analysis 
that the oxidised compounds of linseed oil are not dissolved 
by benzine, an explanation has been found for the bad drying 
of varnish made from benzine. 

Experiments, which were made with the object of preparing 
cheap terebine by using volatile photogene in place of turpen- 
tine, gave a negative result. The odour of this shale distillate 
was indeed not too strong, and could be covered by the addition 
of an essential oil of good perfume, but it was soon found that 
not only was the terebine deficient in drying power, but that 
a much larger " foot " formed than when turpentine was used. 

Thus it appears that in the preparation of good terebines 
from linseed oil lead plaster, the use of any other solvent is 
excluded, and only the best turpentine should be used. Also, 
so-called Eussian, Polish, German, and Finnish turpentines 
should not be used ; these substances contain more or less 
resinous matter, and have iiot exactly the same chemical 
composition as other varieties of turpentine. They are 
obtained, together with tar, by distilling pine roots {Pinus 
sylvestris) ; these roots are very rich in resin, but they produce 
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turpentine of small value, the penetrating smell of which 
adheres to other substances, so that it is not suitable for the 
preparation of good terebines. Even the turpentines from the 
same country, e.g, Finland, have all not the same composition, 
as Aschan and Hjelt have shown ; one sample contained 
pinene, sylvestrene, and dipentene, which latter constituent 
was not found in other varieties. A turpentine from North 
Finland, obtained from pine stems as a by-product in the 
manufacture of pitch and wood tar, gave on distillation a 
relatively small fraction between 160° and 170° C, whilst 
32*2 per cent, came over between 170° and 174" C, and 
21*5 per cent, between 174° and 178° C. Turpentine from 
South Finland gave 7'1 per cent, at 155° to 160° C, 32*2 
per cent, at 160° to 165° C, 22-6 per cent, at 165° to 170° C, 
and 20*1 per cent, at 170° to 175° C. ; these distillates natur- 
ally differ in chemical composition. 

It is thus quite erroneous to regard all unadulterated 
varieties of turpentine as of equal value ; it will be advisable 
to reject Kussian, Polish, German, etc., turpentines for the 
preparation of terebine, and to use only that variety obtained 
by distillation with or without water from the resin which 
flows naturally from trees. 

Only these terebines which are made from rosin com- 
pounds may be prepared from the lower qualities of turpen- 
tine, since in this case only a cheap substance is required, of 
the activity of which large demands are not generally made. 

The following directions may be given for the manufac- 
ture of terebines in general : — The linseed oil and powdered 
driers are placed in the pan and the heating commenced, 
whilst the materials are stirred from the beginning without 
interruption, so that they cannot settle and burn upon the 
bottom of the pan. With sufficiently intense heat the liquid 
begins to evolve bubbles in a relatively short time, and then 
becomes somewhat thicker ; very soon afterwards a change in 
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colour occurs, and the mixture froths up, 'when the pan must be 
taken off the fire or the latter be removed. The frothing and 
thickening of the mass take place very rapidly ; the stirrer 
must be used on the surface so that the mixture does not 
come over. In the meanwhile the colour has darkened ; when 
red lead is used it changes from red to a dark bronze brown, 
with other driers, to yellowish white or pale brown. A test 
is taken out and allowed to cool upon metal or glass; when 
cold it should be hard and breakable, it should not be soft or 
sticky ; if the latter is the case the heating is continued until 
the necessary hardness is attained. 

With a good fire the combination of the linseed oil with 
the driers takes place very rapidly, even when relatively 
large quantities of the latter are used ; with a slow fire the 
process lasts longer and is less violent, on which account the 
slow process is preferred when large pans are used. Terebine 
may also be made in the steam-jacketed pan described in the 
chapter on boiled oil, but it will not be paler than terebine 
made over the fire with the same quantities of driers. 

Formulae for terebines — 

(1) 7 kilos, of tanked linseed oil. 
2 „ red lead. 

2 „ ground litharge. 

1 „ sugar of lead. 

(2) 7 kilos, of tanked linseed oil. 

2 „ shale brown. 
2 „ pyrolusite. 

1 „ red lead. 

(3) 7 kilos, of tanked linseed oil. 

2 ,, dehydrated sugar of lead. 
2 ,, red lead. 

(4) 7 kilos, of tanked linseed oil. 
1 „ umber. 

1 „ shale brown. 

1 „ pyrolusite. 

1 „ dehydrated sugar of lead. 
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(5) 7 kilos, of tanked linseed oil. 
3 „ pure white lead. 

1 J „ fused sugar of lead. 

(6) 7 kilos, of tanked linseed oil. 
2 „ manganous borate. 

2 „ dehydrated zinc sulphate. 

(7) 7 kilos, of tanked linseed oil. 
2 „ manganous borate. 

1 J „ dehydrated sugar of lead. 

The process is the same with all these mixtures ; when the 
boiled mass has somewhat cooled, 14 to 17 kilos, of tur- 
pentine are added whilst stirring. The terebine is then filtered 
through coarse cloth and tanked, so that it may brighten com- 
pletely. The consistency, when the above-given quantity of 
turpentine is used, depends partially upon the strength, i.e. 
hardness, of the linseed oil plaster, and partly upon its tem- 
perature when the turpentine is added. If the mass is very 
hot more turpentine is volatilised than when it is cooler ; the 
consistency of the finished substance varies accordingly. 

Varnish extract. — A thick brown substance made exactly 
according to the preceding directions from 

7 kilos, tanked linseed oil. 

2 „ ground litharge. 

2 „ red lead, the whole finally diluted with 

4 „ boiled linseed oil. 



English 


" Patent Driest 


rs'' 




9-555 kilos. 


white sugar of lead. 




35-055 




powdered litharge. 




47-805 




zinc sulphate. 




216-750 




Paris white. 




216-750 




barytes. 




106 550 




raw linseed oil. 



The first three materials in very fine powder are placed in 
a vessel containing 1 8 litres of oil ; the mixture is allowed to 
stand 1 to 2 days, then well mixed, and 4 J litres of oil added. 
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After standing 2 to 3 days the mixture is again well stirred, 
and 4i litres of oil added. In 10 to 14 days the mixture is 
ready, it is then ground with the Paris white, etc. 



A formula for " Patent Driers " — 








(I) 


(11) 


(III) 


Barytes . 


. 102 


102 


127-5 


Paris white 


. 102 


76-5 


127-5 


White sugar of lead 


12-750 


19-20 


19-12 


Powdered htharge 


25-50 


12-75 


19-12 


Zinc sulphate . 


25-50 


9-55 


12-75 


Dry white lead 


25-50 


12-75 


14-57 


Boiled linseed oil 


51-00 


38-25 


51-00 



Nothing is said as to the method of preparation. 

Terebine. — This name is applied to a liquid drier which 
is still thinner than the liquid siccatives ^ ; it is, however, 
nothing but linseed oil lead and manganese plaster dissolved 
in much turpentine, with an addition of copal. It is prepared 
as follows : — In a suitable pan are melted 2 kilos, of Manilla 
copal, or 2 kilos, of amber (for dark terebine), or 2 kilos, of 
Sierra Leone copal (for pale terebine). Then 0'5 kilo, of linseed 
oil is added, and 6 kilos, of one of the above-mentioned solu- 
tions of linseed oil lead plaster in turpentine, finally 14 kilos, 
of turpentine are introduced with constant stirring. The 
colour of the product varies according to the colour of the 
lead plaster and of the fused copal. Good terebine is fluid 
like turpentine, clear and transparent ; a layer should be com- 
pletely hard and dry in 30 minutes at the longest. 

A formula for Terebine — 



108 litres raw linseed oil. 
17*3 kilos, flake litharge. 

Boil 12 hours, and when cold enough mix with the turpen- 
tine (quantity not stated). 

^ See, however, note on pp. 284-5 as to use of the term "terebine" in this 
country. 
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Taflin*s siccative. — E. 0. Tallin of Stockholm prepares 
a siccative by dissolving manganese oleate in oleic acid ; the 
product may be added to substances used in painting, such 
as linseed oil and other drying oils. It may also be added 
to varnishes made from any resin, in order to modify their 
brittleness. If crude turpentine or rosin be added to the 
drier, then a suitable solvent, such as petroleum or alcohol, 
and a suitable dry material, such as infusorial earth or china 
clay, together with a metallic oxide, such as zinc white, or 
also sulphur, a mass is obtained which well protects from 
wet. When applied to a wet surface, the mass produces in 
2 days a hard, shining coating ; it may also be mixed with 
paints. The rosin may be replaced by asphaltum, to which 
caoutchouc may be added. 

LiNOLEic Acid Compounds of the Driers 

The linoleates of lead and manganese have been used for 
some time as driers in oil boiling. Use has long been made 
unwittingly of the property of linseed oil to produce lead 
and manganese linolates when treated with metallic oxides. 
All boiled oil made by the old process with lead and man- 
ganese compounds, also terebines made from linseed oil with 
large quantities of lead, are nothing more than salts of linoleic 
acid, dissolved respectively in linseed oil or in turpentine. The 
metalHc linoleates are applied exactly in the same manner as 
the corresponding resinates ; they dissolve in linseed oil, 
absorb oxygen from the air, and otherwise behave exactly 
like the resinates, so that to treat them in detail would merely 
be repetition. The linseed oil lead plaster, which forms the 
basis of liquid driers, is simply lead linoleate with large 
quantities of uncombined lead. 

Preparation of lead linoleate. — 100 parts by weight 
of linseed oil are saponified by heating in a large iron pan 
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with 15 parts of 77 per cent, caustic soda and 250 parts of 
water. The soap solution is then heated until it is quite 
clear. In another pan 60 parts of sugar of lead are dissolved 
by heating in 200 parts of water; the linseed oil soap, preferably 
diluted with a further quantity of water, is then allowed to run 
in to the lead acetate solution. Lead linoleate separates ; it is 
freed from the li(j[uid, repeatedly washed with hot water, dried, 
and then powdered. Occasionally it is fused in a pan with the 
addition of a certain quantity of finely ground litharge. 

Manganese linoleate is obtained by precipitating the 
linseed oil soap solution, made as in the preceding paragraph, 
by a hot solution of 60 parts of manganous chloride in 200 
parts of water, and treating the precipitate in a similar manner 
to the lead linoleate. 

Lead-manganese linoleate, which is much used as a drier, is 
a mixture of 3 parts of lead linoleate and 1 part of manganese 
linoleate, made by fusing the constituents in a pan to a uniform 
mass. 



The Metallic Eesinates as Driers for Linseed Oil 

Since the metallic resinates, in particular the manganese 
compounds, were introduced into the preparation of linseed oil 
for painting, about 1 5 years have elapsed ; during this period 
their use has continually increased, and they have largely dis- 
placed the older driers — pyrolusite, litharge, red lead, and lead 
acetate — in the manufacture of boiled oil. When they were 
first used objections were raised; in the introduction of resinates, 
an essential adulteration of boiled oil was perceived. But in a 
short time a more correct comprehension of the matter prevailed; 
it was seen that boiled oil, which contained 1 to 2 per cent, of 
a rosin compound, could not be described as " adulterated with 
rosin." The ready solubility of these substances in linseed 
oil, even in the cold, their remarkable powers of transferring 
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oxygen from the air to the oil, which are not even approxi- 
mately reached by any other manganese or lead compound, 
and the small formation of foot, have caused them to obtain 
so speedy an introduction into the manufacture of boiled oil 
that to-day nearly all boiled oil contains resinates. 

The only resinates employed for this purpose are those of 
lead and manganese, the resinates of other metals, such as 
copper, barium, and iron, cannot transfer oxygen to linseed 
oil, and thus are quite useless if they do not contain lead or 
manganese in addition to the other metal. 

The percentage of metal, with which the rosin acids are able 
to combine, is, in manganous compounds, about 8*3 per cent, 
of manga nese,; in manganic compounds, about 5*5 per cent. ; 
and in lead compounds, about 31*4 per centTofTead; thus 
these compounds contain on the average the following pro- 
portions of metal : — 

Manganous resinate . 7 '7 per cent, of manganese. 
Manganic „ . 5*3 



Lead „ . 24*0 ,, of lead. 



1 



The proportion of metal varies on account of differences in 
the raw materials, and further complications arise through 
different methods of preparation, which make the value of a 
theoretical view of these entirely technical products doubtful 
in the extreme. 

The metallic resinates are prepared by two different pro- 
cesses — (1) by fusing rosin with the corresponding metallic 
oxide, and (2) by precipitating the alkaline rosin solution 
with a solution of the corresponding metallic salt. According 
to Weger, in the products obtained by fusion (erroneously 
called fused siccatives) the combination of the rosin acids 
with the metallic oxide, or the saponification of the ester 
by the latter, generally does not take place so regularly 
as the neutralisation of caustic soda by hydrochloric acid. 
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The reaction may stop at a certain stage ; in addition, decom- 
position occurs owing to the high temperature, and when 
manganese compounds are used, oxidation ; finally, it is not 
known whether the manganese is present as manganous or 
manganic oxide, or in both states. When the resinates are 
precipitated in the wet way these hindrances disappear, but at 
the same time the possibility of the formation of basic salts 
arises, which may also occur with fused resinates. The drier 
is required to be completely soluble, and to contain the metal 
in chemical combination with the organic acid, and not 
partially suspended as oxide. The total quantity of mineral 
matter cannot be taken as a measure of the value, since the 
metallic constituents (PbO, MugOg, MnCOg, CaO, CaCOg, etc.) 
which remain suspended when a soluble drier is used, are not 
only completely valueless, since they cannot act at the low 
temperature at which the oil is treated, but form a foot and 
turbidity which directly impair the quality of the oil. Thus 
the value of the drier is indicated by the proportion of metallic 
oxide, chemically combined with the rosin acid, and soluble in 
linseed oil at a temperature not exceeding 120° C. If, on 
the one hand, it is not desirable that soluble driers should 
contain uncombined mineral matter, on the other hand, little 
uncombined acid should be present, since the presence of free 
acid must diminish the proportion of active drier in the 
preparation. Thus, when insoluble lead and manganese are 
absent, the higher the proportion of soluble metal the better is 
the drier, and the smaller quantity is required to make linseed 
oil dry. 

Experiments made by Weger on both a small and large 
scale, with the products of different works, have shown that 
fused manganic resinate rarely contains more than 3*2 
per cent, of soluble manganese, precipitated manganous 
resinate rarely more than 6 per cent., and 7 per cent, only 
in excieptional cases. The lead-manganese resinate, which is 
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most extensively used, comes into commerce under various > 
fantastic names, and of the most varying composition. The 
best proportion of lead to manganese appears to be 5:1. 
The preparations of the best manufacturers agree tolerably 
on this point, as on most others ; they contain 8 to 9 per cent, 
of soluble lead, and 1*5 to 2 per cent, of soluble manganese. 
If an exceptionally high percentage of soluble lead or man- 
ganese be found, it will be accompanied by much insoluble 
metallic compound, which is quite absent from few samples. 
In this case the drier will not form a clear solution, and 
the percentage of soluble metal will be very little higher 
than the figures given, so that in practice the advantage is 
not great. In spite of this, preparations overloaded with 
insoluble lead or manganese come continually into the market, 
and indeed more frequently than those which contain too much 
free rosin. Insoluble oxides and free rosin are, however, not 
mutually exclusive in the fused driers ; they may occur to- 
gether, which indeed is generally the case. On the other hand, 
driers of this class, adulterated with rosin, should not occur ; 
low qualities, which contain more free rosin than is necessary, 
are certainly found, but they can hardly be regarded as in- 
tentionally adulterated, since it is difficult to draw a strict 
limit. Also there would be no great profit to the manufac- 
turer in adulterating resinates. 

In the analysis of soluble driers anhydrous ether is used 
to dissolve the manganese compound, and chloroform to dis- 
solve lead resinate ; the latter is soluble in turpentine, but 
is soon separated again. The solubility of the resinates in 
ether or chloroform respectively is parallel with the solubility 
in linseed oil, with the single difference that it is complete in 
the cold ; thus the matter insoluble in cold ether or chloroform 
is also insoluble in warm linseed oil, and is valueless or even 
harmful. In the analytical estimation of the soluble com- 
pounds the drier is incinerated ; the organic matter is thus 
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destroyed. There is no object in weighing the residue, since 
the resinates often contain sand, and lead would also be 
present partly as metal and partly as oxide. In regard to 
the separation of lead and manganese little need be said, the 
latter is estimated volumetrically by potassium permanganate. 
If considerable (quantities of calcium are present in addition 
to lead and manganese, after removal of the lead, the man- 
ganese and calcium are estimated together gravimetrically as 
carbonates, the manganese then titrated, and lime found from 
the difference. 

When the total percentage of lead and manganese 
has been determined, the insoluble lead and manganese 
are found by dissolving in ether or chloroform, filtering, 
washing, incinerating the filter, etc. The soluble manganese 
is found from the difference ; the result is controlled by measur- 
ing an aliquot part of the ethereal solution, evaporating the 
solvent, incinerating, etc. The soluble lead can only be found 
by difference, since the chloroform cannot be completely 
evaporated from the rosin solution, it escapes only at a red 
heat, when the greater portion of the lead volatilises as lead 
chloride. 

Preparation of fused manganese resinate. — In manu- 
facturing this substance a large iron pan is used, provided if 
possible with a mechanical stirrer, and heated over a fire. 
The flames should play only upon the bottom of the pan, in 
order to avoid overheating and the consequent decomposition 
and danger of fire. 

Proportions — 

Eosin . . . . . 100 kilos. 
Manganous hydrate . . 10 „ 

The rosin is introduced first into the pan ; when it has 
melted and attained a temperature of at least 150° C. the 
introduction of the manganous hydrate is commenced ; this 



MANGANESE RESINATES 305 

substance must be in fine powder. It is introduced gradually, 
and the temperature raised to 200° to 220" C. ; when all the 
manganous hydrate has been added, the heating is continued 
until the froth has fallen and only a thin scum remains on 
the surface; a deposit of undissolved manganese compound 
should also not be present. The contents of the pan are drawn 
off into the barrels in which the resinate is to be despatched. 

The manganous hydrate may be obtained from chemical 
works, or made according to the following method: — 500 
kilos, of manganous chloride solution of 14^° B. (manganous 
chloride dissolved in 4 parts of water) are heated to 80° C. ; 
180 kilos, of caustic soda liquor of 25° B. are also heated to 
80° C, allowed to run into the manganese liquor, and the 
mixture heated to boihng. The precipitate is washed once with 
water, allowed to settle, pressed as closely as possible, and dried 
in thin layers in the air. It is finally ground to a very 
fine powder in a suitable mill. 

Preparation of precipitated manganese resinate. — 
The process by which this substance is made is essentially 
simple, but if the product is to be completely soluble it 
demands great care, and in particular a proper choice of the 
raw materials, upon the nature of which much depends. Large 
sheet-iron vessels, heated by steam, with mechanical stirrers, 
are most suitable for the dissolving and precipitating processes ; 
the precipitate is best treated in a filter-press, it must be 
dried in a heated room. The mass, which becomes friable 
when dry, is ground by a disintegrator completely surrounded 
by a wood or iron casing. 

Proportions — 

100 kilos, rosin. 

55 „ caustic soda solution of 25° B., diluted with 
345 „ water. 

50 „ crystallised manganous chloride dissolved in 
200 „ water (giving a solution of 14^° B.). 

20 
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The caustic soda solution is first boiled and the rosin then 
introduced in small quantities whilst stirring. The heating is 
continued until the yellow foam has disappeared from the 
surface of the liquid, when 600 kilos, of boiling water are 
added, so that the 100 kilos, of rosin are now contained in 
1000 kilos, of water. Evaporated water should be replaced, 
so that at the end of the dissolving process 1000 kilos, of 
water are still present. Such a dilute solution is necessary 
for the success of the operation. 

The hot manganous chloride solution, at 14J° B., 
prepared in another pan from 50 kilos, of manganous chloride 
and 200 kilos, of water, is then allowed to flow slowly into 
the rosin solution with continual stirring. The mass at once 
becomes thick and difficult to stir; it is again heated up to 
100° C; it then becomes thinner, and the manganous resinate 
separates from the liquid. The aqueous solution is drawn off, 
the precipitate washed at least twice by introducing fresh 
water and heating up to 100° C, and finally removed from 
the pan. It is then freed from water as far as possible under 
a press, dried, and ground to fine powder. 

The water used in this process should give no precipitate 
with alum, and the manganous chloride should be free from 
iron. By a large number of experiments it was determined 
that it is necessary to use exact quantities and Greenbank 98 
per cent, caustic soda (Greenbank Alkali Works, St. Helens), 
and also to use a considerable excess of manganous chloride, 
otherwise the solution of the product, although at first clear, 
will afterwards give a large deposit. The complete solubility 
of the resinate in turpentine and benzine depends upon 
retaining the proper proportions, and using English caustic 
soda. 

Preparation of lead resinate. — (1) 100 parts of rosin 
are melted in a suitable pan. When quite fused 12 parts of 
litharge are gradually added in small quantities with continual 
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stirring, which must be continued at a gentle heat until the 
litharge is completely dissolved ; the pan is then allowed to 
cool. The finished product is somewhat darker than the 
original rosin. 

(2) 100 parts of rosin are brought into a pan with 160 
parts of water and 15 parts of 77 per cent, caustic soda. 
The mixture is boiled until the rosin has completely dissolved 
and a clear solution of rosin soap has formed. At the same 
time 100 parts of sugar of lead are dissolved in 420 parts of 
boiling water; to this solution the rosin soap is now added, 
when thick masses of lead resinate are precipitated, which are 
washed with water, filtered off, and finally dried. 

Preparation of lead-manganese resinate. — This sub- 
stance is obtained by melting 100 parts of rosin with 6 parts 
of litharge and 2 parts of manganic hydrate in a manner 
similar to that used in the preparation of lead resinate. 

Drier produced by Fertiliser Works. — This drier, the 
activity of which may be increased by adding a manganese 
salt (about 1 per cent, of pure manganous borate), is obtained 
by precipitating 70 parts of superphosphate of lime and 
20 parts of superphosphate of magnesia with soda. The 
precipitate, which is an intimate mixture of the phosphates 
of lime and magnesia, is extremely fine, and when dried at a 
moderate temperature forms a pale hygroscopic powder which 
exerts considerable drying power when added to linseed oil. 



CHAPTER IX 

THE ADULTERATION AND EXAMINATION OF THE . 
DRYING OILS AND BOILED OIL 

All the drying oils and the substances made from them — 
boiled oil, printers' varnish, and liquid driers — are frequently 
subjected to adulterations of various kinds, which is the more 
safely done since these substances come into the hands of 
customers who are not in a position themselves to test them by 
simple methods, or to have them tested in a laboratory, since 
the cost would be high in proportion to the advantage gained. 
There is another reason, that chemists not specially skilled in 
the examination of oils would, in certain cases, have difficulty 
in determining whether a substance contained foreign additions. 

The adidterants of the drying oils have been mentioned 
in Chapter II. in describing the individual oils, and it may 
here be stated that adulteration occurs much more rarely in 
wholesale dealings than would be supposed. On the other 
hand, products which have passed through three or four hands 
are far more frequently adulterated than is generally imagined. 
This is quite natural when we consider that an examination 
for adulteration is much less likely to be made, since it is 
certainly true that the small consumer possesses too little 
knowledge of the materials in question. 

The following articles are adulterated : — DryiTig oils. — 
Linseed oil with non-drying oils (when the price admits), rosin, 
rosin oil and mineral oils (especially debloomed). Poppy oil 
and walnut oil with bleached linseed oil, but not with 
other fatty oils or with mineral oil Hempseed oil is not 
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exposed to adulteration, neither are sunflower oil and grape- 
seed oil , on the other hand, Chinese wood oil is adulterated 
with other native oils of less value. 

Boiled oil with rosin, rosin oil, solutions of rosin soaps in 
benzine or petroleum, and with mineral oils, especially with 
debloomed oils and blown thick mineral oil. 

Printers' varnish with rosin, rosin oil, and thickened blown 
mineral oil. 

The drying oils are examined in regard to physical 
constants, which may be regarded as characteristic, specific 
gravity and boiling point, the estimation of the oxygen 
absorption when exposed in thin layers to air, and at the 
same time their property of drying to a solid skin. The 
reactions, of which there is a large number, proposed for 
detecting the various oils, especially when mixed with 
others, have been found in the course of time to be 
unreliable and to give contradictory results, because they 
depend on particular conditions. This is especially the case 
with the majority of the colour reactions produced by the 
action of sulphuric and nitric acids upon the different oils. 
Also the differences in the rise of temperature caused by the 
addition of strong sulphuric acid to the fatty oils are not 
sufi&ciently well defined. On the other hand, quantitative 
methods of examination have been successfully used in 
distinguishing the various oils ; to these belong the acid value, 
saponification value, ether value, Eeichert-Meissl value, 
Hehner value, the acetyl, bromine, and iodine values, the 
importance of which is yet to be generally recognised. 

The physical constants of those drying oils which are of 
technical value are given in the following tables : — 

Candle-nut oil — 

Specific gravity at 15° C. . 0-920-0-926 (de Negri). 
Solidifying point . . . - 18° C. (Oil extracted 

by petroleum ether remains fluid at this temperature.) 
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Hempseed oil — 

Specific gravity at 15° C. . 0*9268 (hot pressed oil). 
„ „ „ . . 0*9250 (cold pressed oil). 

„ „ . . 0-925-0-9276. 

Solidifying point : becomes thick at - 15° C.j solid at - 27** '5 C. 



Chinese wood oil — 

Specific gravity at 15' C. . 0-932-0-9413. 
Solidifying point . . . not given. 

Linseed oil — 



Specific gravity at 15° C. . 0-9325-0-9347. 

Boiling point . . . 320° C. 

Solidifying point: according to Gusserow, the oil becomes 
solid after several days at - 16° C. ; according to Chateau, 
- 27° G. ; it melts at- 16° to - 20° C. (Glassner). 

Pojpjpy oil — 

Specific gravity at 15° C. . 0-924-0-962. 
Solidifying point . . . — 18° C. 

Walnut oil — 



Specific gravity at 15° C. . 0*9260 (hot pressed). 

0*9250 (cold pressed). 



>> >> » 



Solidifying point : is still fluid at - 15° C., and begins to thicken 
at - 17° to - 18° C. ; forms a transparent mass at — 24° C, 
and solidities at — 27° to - 28° C. to a hard white fat. 

Castor oil — 

Specific gravity at 15° C. . 0*960-0*963. 
Solidifying point . . . - 17° to - 18° C. 
„ „ (American oil) —10° to -12° C. 

Sunflowerseed oil — 

Specific gravity at 15° C. . 0*924-0*926. 
Solidifying point . . . - 17° C. 

Grapeseed oil — 

Specific gravity at 15° C. . 0*9202. 
Solidifying point . , , — 12°C. 
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Deviations from these figures frequcndy occur, due to 
the nature of the seed, the manner in which the oil is 
obtained, and its age, so that they must always be re- 
garded as only approximate for the different varieties of 
the same oil. 

The specific gravity of the drying oils may be deter- 
mined by means of the pyknometer, Sprengel's tube, or 
Westphal's hydrostatic balance. Sprengel's apparatus is a 
XJ-tube, the two arms of which terminate in capillary tubes bent 
at right angles at each side. The tube is completely filled 
with the oil, one end being dipped in the liquid, and the air 
sucked out from the other end. The tube is then brought 
into a water bath at a constant temperature ; the oil which 
flows out is wiped away with filter paper. When the expansion 
of the oil ceases, the tube is taken out of the water bath, 
cooled, and weighed. The specific gravity may then be 
calculated, if the weight is known of the empty tube and 
of the tube filled with water. 

WestphaVs balance is shown in Fig. 42 ; the thermometer 
replaces a known volume of oil, so that the loss in weight is 
the weight of this volume of oil. 

The chemical constants are : — 

1. The acid value, which indicates the number of milli- 
grammes of potassium hydroxide required to neutralise the 
free acid in the oil. It is determined by titrating the oil 
dissolved in alcohol by alcoholic or aqueous potash solution. 

2. The saponification value , which was worked out by 
Kottstorfer, and is also known as Kottstorfer's value. It is 
determined as follows: — 1*5 to 2 grms. of the oil are treated 
with 25 c.c. of semi-normal alcoholic potash on the water 
bath for 15 minutes. When the saponification is finished, 
1 C.C. of alcoholic phenolphthalein solution is added, and the 
liquid titrated with semi-normal hydrochloric acid. A blank 
experiment is then made with 25 c.c. of alcoholic potash in 
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in a 200 c.c. flask upon the water bath. The alcohol is evapor- 
ated, the residue dissolved in 100 c.c. of water, and distQled 
with 40 c.c. of 10 per cent, sulphuric acid; 110 c.c. of the 
distillate are caught in a graduated flask, of which 100 c.c. 
are filtered into a second graduated flask, and titrated with deci- 
normal alkali in the presence of litmus or phenolphthalein. 

5. The Hehner value gives the percentage of insoluble 
fatty acids contained in the oil ; 3 to 4 grms. of oil are 
saponified. with 50 c.c. of alcohol and 1 to 2 grms. of caustic 
potash. After removal of the alcohol, the soap is dissolved in 
100 to 150 C.C. of water, and sulphuric or hydrochloric acid 
added. The fatty acids are melted, and the mixture filtered 
through a paper dried at 100° C. The acids are washed with 
water until the filtrate is no longer acid. 

6. The acetyl value gives the quantity of hydroxy-fatty 
acids or fatty alcohols contained in the oil. 20 to 50 grms. 
of the non-volatile fatty acids are acetylated by boiling for 
2 hours with acetic anhydride. The product is several times 
boiled out with 500 to 600 c.c. of water, and the acids filtered 
in the air bath. The acetyl acid value is then determined 
by titration with aqueous semi-normal alkali, and the acetyl 
value by saponifying with alcoholic potash and titrating back 
with semi-normal hydrochloric acid. 

7. Bromine and iodine absorptions. — The methods for 
estimating the bromine and iodine absorptions give the per- 
centage of bromine or iodine taken up by the oil under con- 
ditions designed to cause the exclusive formation of addition 
products. The fatty acids of the acetic or stearic acid series 
are saturated substances which cat form no addition products 
with bromine or iodine, whilst the acids of the acrylic or oleic 
acid series can unite with 2 atoms of a halogen, and the 
acids of the propiolic or linolic series with 4 atoms of a 
halogen. The glycerides of the acids of these three series 
behave similarly to the free acids, so that the estimation 
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of the percentage absorption of iodine measures the propor- 
tion of olein to palmitin and stearin in a fat, and also the 
proportion of linolin in a drying oil, in comparison with the 
olein in a non-drying oil. 

The estimation of the bromine addition does not give 
good results, whilst the estimation of the iodine value by 
Hubrs method gives constant results. Hlibl uses an alcoholic 
solution of iodine and mercuric chloride; 25 grms. of iodine 
are dissolved in 500 c.c. of 95 per cent, alcohol free from fusel 
oil, also 30 grms. of mercuric chloride are dissolved in a second 
500 c.c. of alcohol ; the latter solution is filtered if necessary, 
and the two solutions then mixed. After standing 12 hours 
the solution is ready for use ; its strength must be determined 
immediately before each experiment. The iodine value is de- 
termined as follows : — 0*2 to 0*4 grm. of the oil is weighed off 
and dissolved in 10 c.c. of chloroform. Then 20 c.c. of iodine 
solution are added, and subsequently a further 5 to 1 c.c, so 
that the solution retains a dark brown colour after 2 hours ; 
10 to 15 c.c. of a 10 per cent, aqueous solution of potassium 
iodide and 150 c.c. of water are added, and the free iodine then 
titrated by sodium thiosulphate solution (24 grms. per litre). 
The absorbed iodine is then calculated into percentages of the 
oil, the result being termed the iodine or Hiibl value. This 
value appears to be approximately constant for each oil or for 
each class ; it is highest for the drying vegetable oils. 

To facilitate reference, the chemical constants of the dry- 
ing oils have been arranged in the following pages : — 

Candle-nut oil — 



Melting point of the fatty acids 


20°-2r c. 


Solidifying „ „ 


13*' C. 


Saponification value . 


187-4. 


Iodine value .... 


139-3. 


Iodine value of the fatty acids . 


144-1. 


Refractometer (Zeiss) at 15° C, 


re^-Td^-s. 
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Hempseed oil — 



Melting point of the fatty acids 


19° C. 


Solidifying „ „ . . 


15° C. 


Saponification value .... 


193-1. 


Iodine value 


143-0. 


Iodine value of the free fatty acids . 


122-125-2. 


Chinese wood oil — 




Saponification value (Alkali Blue as 


indicator). .... 


198-8, 199-5, 191-8, 




191-0, 194. 


Iodine value .... 


107-6,108-4,156-1, 




155-2, 165-7. 


Acetyl acid value .... 


187-6,186-9,173-5. 


Acetyl saponification value 


206-4,204-1,214-6. 


Acetyl value ..... 


18-0, 4M. 


Kefractonieter 


r-80. 


Melting point of the fatty acids 


37' C. 


Solidifying „ „ . . 


34° C. 


Iodine value of the fatty acids . 


150-1. 


Acid „ „ „ . . 


191-0. 


Linseed oil — 




Specific gravity of the fatty acids at 


100° C 


0-8599. 


Melting point of the fatty acids 


11°-12C., 17° C. 


Solidifying 


13°-3 C. 


Saponification value . 


189-195, 195-2. 


Iodine value .... 


158-0, 155-2. 


Iodine value of the fatty acids . 


155-2-155-9. 


Poppy oil — 




Melting point of the fatty acids 


20° -5 C. 


Solidifying „ „ . . 


16°-5 C. 


Hehner value ..... 


95-38. 


Saponification value 


194-6, 192-8. 


Iodine value 


136, 134. 


Walnut oil — 




Saponification value . 


196-197. 


Iodine value .... 


142-143. 


Melting point of the fatty acids 


20° C. 


Solidifying „ „ . < 


16° a 
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Castor oil — 




Melting point of the fatty acids 
Solidifying „ „ . , 
Saponification value . . . , 
Iodine value .... 


13" C. 
3"C. 

181-181-5 
84-4. 


Iodine value of the fatty acids . 


86-6-88-3. 


Sanjlowerseed oil — 




Saponification value . 

Iodine value .... 


193-0. 
129-0. 


Hehner value 


95-0. 


Melting point of the fatty acids 


23° C. 


Grapeseed oil — 




No data are available. 





The estimation of the iodine value of linseed oil leads to 
very varying results ; without considering the older figures of 
Hiibl and Moore, who obtained low results by using too small 
an excess of iodine, the values vary between 170 (Bendikt), 
171 (Lewkowitsch), 172 (Holde), on the one hand, and 
187 (Thomson and Ballantyne), 188 (Williams), and 195 
(Archbutt), on the other hand. Without doubt, part of this 
difference is to be ascribed to estimations conducted in dif- 
ferent ways. Thus the smaller figures are often too low, since 
the titre of the iodine solution has been taken after, instead 
of before, the experiment. Another cause of low results lies 
in allowing the reaction to proceed for too short a time, which 
is of great influence in the case of linseed oil, which adds 
iodine the most slowly of all oils, especially when the 
Hiibl solution is not quite fresh. The differences are very- 
great. 

It appears from the researches of Thomson and Ballan- 
tyne and of Archbutt that differences between linseed oils 
of different source must be taken into consideration, as 
Lewkowitsch has again recently stated. Wijs, in order to 
measure this influence, has determined the iodine values of a 
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number of oils of known source by the method, proposed by 
himself, with iodine chloride and glacial acetic acid. He finds 
a connection between iodine value and specific gravity, as is 
seen from the following collection of figures : — 



Specific gravity of 1 oil of iodine value above 200 . 

Mean spec, gravity of 4 oils with iodine values 195 1-200 

4 „ „ 190-1-195'0 

4 „ „ 185-1-190-0 

4 „ „ 180-1-185 



>> 



>> 



>> 



>» 



>> 



>> 



n 



>j 



J) 



>> 



)> 



>> 



0-9352 
0-9339 
0-9329 
0-9322 
0-9317 



below 180-1 . 0-9310 



The specific gravity was taken at 15° C, with water at the 
same temperature as unity. 



IODINE VALUES OF LINSEED OIL EXPRESSED 

FROM MIXED SEED 



Mixture of Seed. 
Dutch, Memel ...... 

Petersburg, Pernau, Kbnigsberg . 

^ Viatka, J Petersburg, J Friesland 

Viatka, Petersburg, Friesland 

J Petersburg, ^ Friesland .... 

^ North Russia, | Friesland 

§ Azov, J Dorpat ..... 

-^Tt- J^a Jr lata, -ri^ -^^ov ..... 

i Azov, ^ La Plata, ^ Calcutta, ^ North American 

■J La Plata, J Bombay, ^ Taganrog 

-g- Azov, f Bombay, J La Plata 

§ Bombay, ^ Taganrog .... 

Bombay, Azov ...... 

South Russian, British Indian, North American 
^ Bombay, ^ Azov ..... 

§ La Plata, J Bombay, ^ Calcutta 

La Plata, Azov, Bombay .... 



Iodine Value. 

199-1 
198-4 
197-5 
195-7 
195-4 
195-1 
185-5 
183-7 
183-3 
183-2 
182-9 
182-7 
181-5 
181-1 
180-9 
180-1 
178-7 
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IODINE VALUES OF LINSEED OIL OF DIFFEKENT 

SOURCES (WIJS) 



Source of the Seed. 



Holland — 
Friesland 



f> 



Groningeii 
Zeeland 



British India — 
Bombay 

if 
if 
a 
a 
a 



a 

>> 

Calcutta 

a 



Amej'ica — 
La Plata 

) 
i 
i 

i 



North America 

a 
a 
a 
a 



Iodine 
' Value. 



201-8 
198-3 
195-6 
195-6 
195-3 
199-3 
197-4 
193-5 



182-7 
180-0 
180-0 
179-6 
178-2 
177-5 
176-3 
174-7 
188-5 
182-3 
178-1 
178-1 
177-8 



I 



0-9352 
0-9346 
0-9333 
0-9337 
0-9339 



0-9314 



 •  


3-03 


0-9311 
0-9311 

• • • 


• • • 

• • • 

1-78 
4 


••• 

• • • 

0-9309 

• • • 


2-37 

5-75 

5 

• • • 



187-5 


0-9324 


... 


• • • 




186-0 


... 


4 


» • • 




185-7 


0-9320 


•  • 


 • • 




185-6 


• « • 


4-44 


0-30 


185-0 


• • • 


6-55 


0-59 


1847 


• • • 


4-86 


0-42 1 


183-9 


0-9324 


4-04 


0-28 




182-3 


0-9313 


• • • 


• • 1 




182-8 


 • • 


4 


• • • 




182-2 


0-9321 


4-14 


0-94 





3-01 0-17 
2-17 ! 0-00 



m I 



0-00 
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Iodine Values of Linseed Oil — continued. 





Source of the Seed. 


Iodine 
Value. 


i 

Specific 
Gravity. 


Impur- 
ities, 
per cent. 


Foreign 
Oleagin- 
ous Seed 
per cent. 




North Russia — 








Archangel 


192-1 


• • • 


  • 


... 1 




Viatka 








197-4 


 • • 


• •  


... 




a • • 








196-4 


• • • 


5 


... 




>> • 








194-0 


« • • 


« • • 


... 




Petersburg 








195-0 


0-9327 


 •  


• . * 




a • 








194-2 


• •  


• a • 


1 




>j • 








188-5 


0-9325 


 a • 


1 

• • a 




Revel 








198-5 


•  • 


8 


• • • 




Pernau 










198-2 


• • • 


10 




99 










196-9 


• • • 


5 


• • • 




Riga . 










200-0 


• • • 


5 


1 




»> • 










195-5 


 • • 


20 


1 
* * ' 1 




}) • • 










194-2 


... 


• • • 


 a • 1 




Libaii 










195-5 


•   


5 


... 




> J 










194-6 


• • • 


2 


• • • 




>> ' 










192-4 


0-9335 


a • • 


a a a 




Not stated 








194-6 


0-9325 


• a a 


... 




Mid-Russia — 












Samara 


189-1 


• • • 


•  a 


• a • 




Steppes 


188-9 


* • • 


2 


... 




South Russia — 






1 






Azov . . . . > 


182-5 


0-9319 


1 

 a • 
















182-1 


! 0-9312 


a a • 
















181-7 


• • • 


... 


1 

1 a a a 














179-9 


• • • 


a a a 


, 














179-1 


0-9314 


















178-5 


• • • 


4 






Taganrog 










181-7 


• •  


• a • 






>> 










178-3 


• • • 


• a • 






n 










177-9 


• • a 


8-66 


1-29 




}) 










176-3 


0-9305 


... 






Not stated 










186-3 


... 


... 






)) 










185-3 


0-9318 


a • a 






ii 










183-8 


 • • 


• a a 






a 










182-8 


• •  


• • • 
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The constants obtained for genuine samples of American 
linseed oil are given below .The ordinary methods were used. 
In the Maumene test the linseed oil was mixed with heavy 
mineral oil and the mixture left at rest for 1 to 2 hours 
before treatment with sulphuric acid ; account was taken 
of the rise in temperature due to the mineral oiL The 
following table gives the figures obtained : — 





Specific 
Gravity 
at 15- C. 


1 

Valenta 

Test. 

"C. 

79 


Maumen^ 

Test. 

"C. 

97 


Iodine Value 


Dryinjf 
Test. 
Haiti 
after 

Hours. 


Variety of oil. 


After 
4 Hours' 
Action. 

17.4-7 


After 

18 Hours' 

Action. 

180 


Western States, raw 


0-933 


72 


>> a 


0-932 


70 


90 


169-7 


180 


72 

 


y , special 


0-934 


73 


105 


178-0 


178 


72 


Old Calcutta 


0-931 


71-5 


106 


167-5 


178 


72 


Eastern States 


0-931 


73 


105 


168 


168 


72 


Western States, boiled . 


0-936 


74 


100 


178-8 


178-8 


18 


Eastern States, boiled . 


0-938 


59-5 


101 


169-5 


171 


18 


Bleached by acid . 


0-934 


52-5 


103 


160-0 


160 


84 


Bleached without acid . 


0-932 


60 


105 


157-0 


162 

1 


84 


Menhaden (fish) oil 


0-934 


73-5 


135 


157-0 . 


181 (?) 


84 



The figures for Menhaden oil were added because it is used 
as an adulterant. In mixtures it lowers the Maumen(5 test 
and the iodine value (?), and makes the drying slower. In 
such mixtures •'it will probably be found that the Maumene 
and iodine values are lower than the normal values, and that 
the iodine value shows an appreciable increase when the 
action is continued more than 4 hours. 

The examination of raw and boiled linseed oil by 
means of the refractometer. — Weger has examined ex- 
haustively the attempts made by Hefelmann and Mann, 
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recently extended by Schick, to introduce the refractometer 
in the examination of boiled oil. Weger has tested the 
rehability of the process, and has unfortunately come to 
the negative conclusion that safe results cannot be attained 
in the examination of raw and boiled linseed oils, which 
was his original opinion, and that the process entirely fails 
when mineral oils are present. The refractometer gives a 
constant which at the most is of equal value with other 
constants — saponification value, amount of unsaponifiable 
matter; the instrument is, however, not adapted to a pre- 
liminary examination. 

It was first found that all oils, which had been heated for 
a long time or had absorbed oxygen, gave a considerably 
greater deviation than the original raw oil. Long heating 
at a low temperature had the same efiect as short heating to 
a high temperature, and spontaneous oxidation by standing 
in the air produced the same result as blowing in a current 
of air. By both manipulations, which cause both polymerisa- 
tion and absorption of oxygen, the iodine value, and generally 
also the oxygen value, are diminished. On the other hand, 
the former belief that the refraction increased with the iodine 
value was shown not to be generally true, and at the most 
to be applicable to fresh raw oils, whilst the relation is the 
reverse for heated and oxidised oils, and thus for boiled oil. 
This result agrees with the observations of Spath on rancid 
fats. However, one of the samples behaved in the contrary 
way. It was further found that a differentiation of boiled oil, 
blown oil, and oil which had stood a long time in the air, was 
as little possible by means of the refractometer as the recogni- 
tion of additions of rosin, rosin oil, or rosin preparations. The 
latter substances increase the refraction in the same way as 
the operations just mentioned. Similar results were obtained 
with the non-drying oils; in this case, too, thickening by oxygen 
absorption or polymerisation increases the refractive. power. 

21 
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KEFRACTOMETER VALUES FOR RAW AND 
BOILED LINSEED OIL (WEGER) 



Raw Oils — 

Varnish oil ... . 
Artists' oil A . 
From Indian seed 
Kept 3 years, not absolutely air 
tight ..... 
Of English origin, kept 5 years 
well corked .... 
Artists' oil N . 

TrecUed Oils — 

Commercial sun -bleached . 
Artists' oil, 11 months exposed 

to air ..... 
Artists* oil, treated with Fuller's 

earth at 80" 0. . . . 
Heated by superheated steam to 

250" C 

Varnish oil, heated for some 

minutes at 180° C. . 
Artists' oil, heated for 6 hours 

at 1.50" C 

Artists' oil, freed from mucilage 

at 280" C. . . . . 
Artists' oil, freed from mucilage 

at 280" C 

Artists' oil, freed from mucilage 

at 315" C 

Artists' oil, heated 40 hours at 

180"-190°C 

Artists* oil, heated 5 minutes 

at 360" C 

Blown in mass at 100"-140" C, 

and kept 3 years, air not ab- 
solutely excluded . 
Blown in the cold, 3 years old . 
Artists' oil blown in the cold 
Artists' oil blown hot 
From Indian seed, blown . 
From Indian seed, blown 20 

hours at 150" C. . . . 
From Indian seed, blown 25 

hours at 150" 0. 
Commercial stand oil 
Commercial thickened oil . 



' Refraction 

1 at 26" C. 

1 


Refraction 
at 40" C. 


Mean Oxygen 
Absorption 
(layer process), 
per cent. 


81-5 


72-5 


•   




81-3 


72-4 


18-0 


! 80-2 

1 


71-4 


17-1 

; 1 


82-2 


 • • 


15-4 




85-1 


76-1 


19-8 


80-8 


... 


> 

1 


81-6 


• • • 


1 


83-0 


•  • 


 « • 

1 


81-5 


72-5 


1 
i 
• « • 


81-5 


72-5 


15-3 




• • • 


72-5 


1 

• • • 


• • • 


73-7 


... 


81-0 


 • • 


• • • 


1 


82-1 


• • « 


16-5 


82-5 


• • • 


1 

1 


90-9 


• • • 


1 

 • t 1 


102-3 

1 


... 


5-4 (?) , 


1 

84-2 




14-5 


83*4 


• • • 


• • • 


• • • 


73-6 


• • • 1 


• • • 


74-2 


 • • 


• •  


73-6 


1 
• • • 


92-6 


• « • 


• • • 


95-0 


• • • 


8-7 




99-3 


• • • 


11 1 




92-9 


• • • 


10-7 


1 
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In regard to the oils boiled with driers, the addition of 
1 per cent, of a resinate increases the refraction by about 1° ; 
the same effect is produced by the action of air or by heating 
for 1 hour to 150° C. On long keeping, the refraction of 
all boiled oil kept from contact with air does not further 
change, whatever was the method of preparation ; on the other 
hand, when the bottles are open the oxygen absorption causes 
in all cases a considerable increase in the refraction. The 
influence of light, on the contrary, is small, especially when 
air is excluded, whilst when air can enter light appears to 
favour the oxygen absorption ; but in this case the formation 
of a skin on the surface causes the results to be irregular. 
The refractions of different mineral oils, previously studied by 
Shick, vary within very wide limits, whilst rosin and rosin oil 
give very strong deviations, considerably above 105°, which, 
however, is also the case with Chinese wood oil. The refrac- 
tion of turpentine alters rapidly and considerably on standing 
in the air. In general it follows from the figures given that 
the presence or absence of mineral oil cannot be ascertained 
from the refraction ; indeed, a mineral oil of low refractive 
power might be used to hide a fraudulent addition of rosin 
or rosin oil ; such additions may be readily discovered by other 
methods. 

When the absence of mineral oil has been shown by 
other methods, it may indeed be said that boiled oil is un- 
adulterated if its refraction falls within the limits of Hefel- 
mann's figures. On the other hand, a higher refraction does 
not always indicate sophistication, although most commercial 
boiled oils have refractions within these limits, and most 
boiled oils containing mineral oil have greater refractive 
powers. The difference in the deviations of linseed oil at 
25° and 40° C. amounts, as a rule, to ^'^ to 9 units, yet 
larger differences may be obtained. 

Adulteration of boiled oil with rosin oil. — Especially 
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since rosin oil has been made to dry, it has been the adulterant 
of boiled oil most frequently employed. It can generally be 
detected by the smell alone, which is more clearly perceptible 
when several drops of the boiled oil are warmed by rubbing 
between the hands. The taste also affords a means of detecting 
rosin oil ; when present only in small quantity it is recognised 
by the harsh nauseating flavour. If dilute sulphuric or hydro- 
chloric acid be mixed with boiled oil containing rosin oil, and 
the mixture left at rest, white sticky lumps are formed in addi- 
tion to the lead or manganese precipitates, whilst pure boiled 
oil yields the precipitate alone, and becomes completely clear 
again after a few hours. The oil balance may also be used 
to test the oil; pure manganese boiled oil indicates 26°, lead 
boiled oil 24°, but oil containing rosin oil, barely 20° to 22° 
A characteristic property of all boiled oil adulterated with rosin 
oil is that, on standing in the cold, a portion of the rosin oil 
*is separated ; the oil becomes turbid and forms a compact foot, 
which completely disappears on warming. If suspected 
boiled oil be immersed in a freezing mixture at about —5" 
to — 6° C. this appearance is observed in a short time in the 
presence of rosin oil, whilst pure boiled linseed oil remains 
bright and clear. If a considerable quantity of deposit forms 
in boiled oil on keeping, the oil is certainly adulterated with 
rosin oil. Eosin oil is detected by heating 10 grms. of the 
boiled oil with 50 c.c. of alcohol and 5 grms. of caustic potash, 
dissolved in the least quantity of water, under a reflux con- 
denser for 30 minutes; 50 c.c. of water are then added, and 
the flask cooled by immersion in cold water. The liquid is 
shaken with petroleum ether in a separating funnel, and, when 
the two layers have separated, the lower is drawn off as com- 
pletely as possible. The petroleum ether layer is washed 
repeatedly with water, which is not added to the original 
aqueous solution ; finally the water is run off as completely as 
possible. In spite of the greatest care in running off the 
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petroleum ether, drops of water accompany it ; it is therefore 
not transferred directly to the weighed flask in which the ether 
is to be distilled off, but is brought into another dry flask. 
When it is poured from this into the weighed flask the water 
adheres to the sides of the first. The liquid, which has 
been once extracted, is extracted in a similar manner with 
petroleum ether to exhaustion, and the solvent is transferred 
to the weighed flask in the manner described. To decide 
rapidly whether the unsaponifiable matter obtained from the 
boiled oil by this process is rosin oil or mineral oil, it is 
shaken with an equal volume of acetone. If the two liquids 
mix completely, the oil is rosin oil, or a mixture of rosin oil 
with little mineral oil. Alcohol (specific gravity, 0*95) may 
also be used to decide ; rosin oil sinks in this liquid, mineral 
oils do not. 

Adulteration of boiled linseed oil with rosin. — Boiled 
linseed oil adulterated with rosin is generally more viscous 
than it should be ; rosin is a solid substance, and its solution 
in linseed oil is naturally more viscous than the original oil. 
Such boiled oil dries in 36 to 48 hours, and is then apparently 
hard, but becomes sticky by the heat of the hand when the 
coating is touched. Dust sticks to the paint and makes it 
grey and unsightly ; by a short exposure to the action of the 
atmosphere it is destroyed and falls off. If boiled oil, in which 
adulteration with rosin is suspected, be shaken with a weighed 
quantity of 95 per cent, alcohol at frequent intervals during 
several hours, the mixture left at rest, and the extract de- 
canted off, the adulterant may be detected in it. The alcohol 
is distilled off in a retort or a flask provided with condenser ; 
the residue is then weighed. If it amounts to more than 4V 
of the extract, the oil is adulterated with rosin or rosin oil 
(according as the residue is solid or liquid), since raw or boiled 
linseed oil requires 40 parts of alcohol to dissolve it. 

If boiled oil adulterated with rosin be exposed in a 
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shallow vessel to the action of the air, a portion of the rosin 
separates in 10 to 14 days in the form of small crystalline 
grains which can easily be recognised as rosin. 

The presence of rosin is detected in a somewhat more 
complicated manner by boiling the oil for several minutes 
with 95 per cent, alcohol, separating the solution after cool- 
ing, and adding a solution of lead acetate in water. If the 
boiled oil was pure merely a turbidity appears, but if rosin 
is present a flocculent white precipitant forms, which can be 
converted into pure rosin by washing repeatedly and melting. 

Detection of rosin and rosin oil in fatty oils and 
boiled linseed oil. — According to Ulzer, the reaction of 
Liebermann — production of a fine red colour on the addition 
of strong sulphuric acid to solutions of resin acids in acetic 
anhydride — was first used by Storch to detect rosin oil, which 
gives a similar coloration with strong sulphuric acid when 
dissolved in acetic anhydride. 

Later, Morawski successfully used this excellent reaction 
to detect rosin in the sizing of paper and in soaps, with the 
alteration that sulphuric acid of specific gravity 1*53 was used 
in the place of strong acid. He also studied the behaviour of 
the fatty oils when treated with acetic anhydride and sulphuric 
acid, and found that rosin and rosin oil may generally be 
detected by first shaking the oil with acetic anhydride, to 
which sulphuric acid of density 1*53 was then added. With 
some practice rosin and rosin oil may be detected with 
certainty by this process in most fatty oils. 

Since it would be of great value to be able to use this 
simple reaction in the examination of boiled linseed oil (and 
varnishes), experiments were performed which give the fol- 
lowing results : — Pure boiled linseed oil, obtained by boiling 
the oil either with litharge, red lead, manganese dioxide, or 
manganese borate, gives, when dissolved directly in very small 
quantities of acetic anhydride, a dark brownish - red color- 
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ation on the addition of sulphuric acid. Success was not 
attained by shaking the boiled oil with acetic anhydride, 
according to Morawski's method, because boiled oil is very 
soluble in acetic anhydride, and also emulsions readily form. 
In this special case it is more convenient to shake the 
boiled oil with absolute alcohol, allow to stand for several 
hours, evaporate the alcoholic solution, dissolve a portion of 
the residue in acetic anhydride, and add sulphuric acid. By this 
means a red coloration is obtained, but large quantities of 
rosin or rosin oil may be recognised by the reaction. 

Adulteration of boiled linseed oil with fish oil 
rarely occurs, on account of the smell and taste of the latter, 
which are easily recognised. Linseed oil, adulterated with 
relatively small quantities of fish oil, has the characteristic smell 
and taste of the latter, and the adulteration is at once detected. 

If 10 parts of the suspected linseed oil be stirred in a 
suitable vessel with 3 parts of sulphuric acid, and the mix- 
ture then left at rest until the oil and the acid layers have 
separated, a white precipitate is formed which contains the 
metallic compound ; the oil itself is dark brown in the 
presence of fish oil, whilst the acid is orange - yellow or 
yellowish-brown. Pure boiled linseed oil, on the other hand, 
is at first greenish, and later brownish-green, whilst the acid 
acquires a more yellow colour. If adulterated boiled oil be 
treated with chlorine gas, it becomes at once dark brown and 
finally black, whilst unadulterated boiled oil becomes more 
and more colourless, since chlorine bleaches the vegetable fats, 
but turns all the animal fats, with the single exception of 
neatsfoot oil, steadily darker and finally black. If 5 
volumes of boiled oil are boiled with 1 volume of caustic soda 
solution of 1*34 specific gravity, unadulterated oils produce 
a yellowish, oils containing fish oil a red, emulsion. 

Distinction between boiled and unboiled linseed 
oil. — Linseed oil which has been made active by means of 
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metallic compounds always contains a certain quantity of the 

metal in solution, which may be detected by heating the oil 

with acetic or dilute nitric acid and testing the separated 

aqueous liquid ; the oil is thus recognised as boiled oil. The 

same result is given by the " boiled oils " made by means of 

driers without the application of heat ; the method simply 

detects the presence of driers in linseed oil. The drying 

oils which have been treated only with atmospheric oxygen 

in a suitable apparatus, and which now frequently come 

into the market, contain no trace of metallic oxides, and 

thus cannot be easily recognised as boiled oil. Morpurgo 

has found that soaps made from unboiled, i.e. not heated, 

oils are completely separated from their aqueous solutions 

by the addition of common salt, whilst the soaps obtained 

from boiled linseed oil are incompletely separated even by 

excess of common salt. A portion of the soap remains 

in solution, as is also the case with rosin soap. The 

following process is recommended as giving good results : — 

20 grms. of the linseed oil under examination are saponified 

by an excess of caustic soda, common salt is then gradually 

added to the clear aqueous solution until soap no longer 

separates. The mixture is allowed to stand, and when the 

soap has collected the mixture is filtered. The clear filtrate 

is acidified strongly with acetic acid ; if derived from a boiled 

oil, it becomes very turbid, if from unboiled oil it remains 

clear or nearly clear. 

Lippert has made a number of experiments in regard to the 
oxygen absorption, i.e. increase in weight, of boiled oil mixed 
with mineral oils. He used the following mineral oils : — 

American spindle oil, thin, specific gravity . 0*885 

„ „ viscous „ . 0'903-0-909 

Russian machinery oil, „ ,, . '905-0 "908 
Pale yellow Zeitzer parafiin oil, very thin, 

specific gravity 0*890-0*900 
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The mineral oils themselves did not increase in weight 
during the experiment ; the paraffin oil . evaporated readily. 
Thus for them the oxygen absorption was zero. Lippert 
conimenced his experiments with the conviction that, since 
mineral oils absorb no oxygen, or only when they contain 
asphaltum or resinous bodieS; as the percentage of them in the 
drying oils increased, the maximum increase in weight of the 
mixture would be decreased in increasing degree. The maximum 
values attained by the oxygen absorption were as follow : — 

Dutch linseed oil, 5 years old, mixed with American spindle 
oil, 0-903 to 0-909 : — 

Per cent. 

Linseed oil, pure, on 4th day . . . . . 12*61 

„ with 5 per cent, of spindle oil, on 4th day 12 '13 

„ 10 „ „ 6th „ 11-38 

„ 25 „ „ 6th „ 9-65 

„ 50 „ „ 7th „ 6-03 






Old boiled oil, made with manganic oxide, containing 0*4 
per cent, of active manganese, mixed with Eussian machinery 
oil, 0-905 to 0-908: — 

Per cent. 

Boiled oil, pure, on 2nd day 11-93 

„ with 5 per cent, of machinery oil, 2nd day 11-73 

„ 10 „ „ 2nd „ 11-34 

„ 25 „ „ 2nd „ 8-88 

„ 50 „ „ 2nd „ 4-76 



j> 



Commercial boiled oil, made with manganic oxide, mixed 
with thin spindle oil, 0*885 : — 

Per cent. 

Boiled oil, pure, on 1st day . . . . .14*43 

„ with 5 per cent, of spindle oil, on 1st day 13-40 

„ ,, 10 ,, ,, 1st ,, 13*35 

„ 25 „ „ 1st „ 10*03 

„ 50 „ „ 3rd „ 4*69 

Equal parts of old manganic oxide boiled oil ami litharge 
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boiled oil (2*5 per cent, of PbO at 240° C), mixed with thin 
spindle oil, 0*886 :-^- 

Per cent. 

Manganic oxide oil, after 1 day . . . . 12*67 

Litharge oil, after 16 hours ..... 11*43 
The mixed boiled oils — 

With 10 per cent, of spindle oil, after 16 hours . 10*32 

„ 25 „ „ „ 16 „ . 8*77 

„ 50 „ ,, „ 16 „ . 5*25 

Varnish oil, mixed with volatile Zeitzer paraffin oil, 
0-890 to 0-900: — 

Per cent. 

With 5 per cent, of paraffin oil, after 6 days . . 16*75 
„ 10 ,, ,, „ 6 „ . . 9*50 

.„ -(5 „ „ „ 4 ,, . . 0*46 

„ 50 „ „ (maximum decrease) - 13*15 

Paraffin oil alone . . . ( „ ) —57*11 

All the experiments were made by the " layer method," — by- 
observing the change in weight of thin layers spread upon glass 
plates. In the first place, they show (detailed figures are not 
given) that as the addition of mineral oil increases, the maximum 
increase in weight of raw and boiled linseed oil is decreased. 
In the case of the old Dutch linseed oil, the oxygen value 
decreased in exactly the same proportion as the addition of 
mineral oil increased. In general, adulteration with 10 per 
cent, of mineral oil would decrease the maximum increase to 
such an extent that adulteration would be suspected. But 
the case may occur that an adulterated oil gives a figure 
possible for a pure boiled oil, thus the commercial boiled oil 
made with manganic oxide attained a maximum increase of 
13*35 per cent, in spite of the presence of 10 per cent, of 
spindle oil. The time of drying is not increased in every 
case by increasing quantities of mineral oil, but is never 
decreased, in particular the commencement of drying is never 
accelerated. In the case of the old manganese boiled oil, the 
commercial manganic oxide oil, and the mixture of manganese 
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and litharge boiled oils, the time of drying is the same as of 
pure boiled oil, with the exception of the extreme adultera- 
tion with 50 per cent, of mineral oil, which particularly 
hinders the drying when the added oil is the spindle oil. 
In the experiments with old linseed oil and mineral oil 
of 0*9 specific gravity, increasing adulteration lengthens the 
time required to attain the maximum weight. It is natural 
that the properties of the mineral oil should have consider- 
able effect. The results obtained with the varnish linseed 
oil are interesting, since a readily volatile adulterant was 
used ; with the addition of 5 per cent, a high increase in 
weight was obtained, and the effect of the evaporation was 
not apparent. With an addition of 10 per cent, the oxygen 
value was considerably decreased, and with 25 per cent, the 
evaporation was almost greater than the absorption ; after this 
point considerable decreases occurred. It is remarkable that 
both manganic oxide boiled oils when pure showed at first 
no oxygen absorption, i.e, the commencement of drying was 
delayed, the oil then suddenly attained the maximum weight ; 
thus the initial stages are delayed, whilst when the lead boiled 
oil and mineral oil are added the absorption commences imme- 
diately. This cannot be due to a facilitation of the diffusion 
of oxygen by the mineral oil ; the retardation is more probably 
due to the influence of moisture in the air, whilst the accelera- 
tion by the mineral oil of the commencement of drying is a 
consequence of movement taking place in the layer of oil. For 
it was found that shortly after the layers were spread out, 
and during the experiments, the mineral oils separated at the 
upper surface of the oil skin, so that after the maximum 
weight had been obtained the thin layer of mineral oil 
enabled the finger to slip over the oil skin, even when the 
adulteration was only o per cent., whilst the finger adhered 
to a pure oil skin. With the greater adulteration of 50 per 
cent, the whole of the mineral oil or of the volatile paraffin 
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oil had collected in thick drops on the surface. This separa- 
tion, which increases the usefulness of this method of testing 
oils, begins gradually with the oxygen absorption, but when 
much mineral oil is present it occurs in many cases imme- 
diately after the experiment is commenced, so that it is 
readily observed. The old sample of oil boiled with man- 
ganic oxide appeared to begin to dry more rapidly when 
mixed with 50 per cent, of mineral oil; in this case the 
separation of the mineral oil commenced at once, thus move- 
ment took place in the layer, and to this movement is to be 
ascribed, as we have said, the acceleration of the oxygen 
absorption in the case of the two manganic oxide boiled oils. 

It might be imagined that mineral oils containing small 
quantities of drying oils would absorb oxygen, and that the 
thinner oils would do so rapidly if diffusion facilitated the 
oxygen absorption ; it is yet uncertain whether adulterations 
of mineral oil with drying oils occur frequently in practice. 
In order to obtain results on this point, the spindle oils and 
the Eussian mineral oil were mixed with 5 per cent, of linseed 
oil, which would attain alone an increase in weight of about 
1 6 per cent. ; but even after 3 days the thin spindle oil had 
absorbed only 0*5 per cent., whilst the two more viscous oils 
remained unaltered in weight. A slight increase was observed 
on the third day, which, however, might be due to other 
causes — deposition of dust. 

Finally, it should be observed that the ease with which 
the oil is spread out and the appearance of fluorescence in 
raw and boiled Unseed oil depend upon the nature and 
amount of the mineral oil added. These appearances are, 
however, of minor importance. The visible separation of 
mineral oil is an advantage characteristic of this process and 
gives it a practical importance. 

The examination of oil paints (Loesner). — According 
to Loesner, the first requisite of a good oil paint is that it 
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should form a homogeneous and non-porous layer on drying. 
The importance of this property is advanced because Simon 
alleges that the layers of most oil paints transmit water, as 

, we have before mentioned. If sheet iron be painted, under 
certain circumstances rust forms after some time under the 
paint. If the iron be placed in water, no conclusion can* be 

! obtained as to the durability of the paint, because the action 
is much too slow ; on the other hand, steam affords a very 
convenient method for testing the permeability of a layer of 
paint. Naturally, it is a matter of no importance whether 
large or small surfaces are tested, since a paint which cannot 
protect a small surface will not be able to prevent a larger 
one from rusting. The test is carried out in the following way : 
pieces of stout iron, 56 by 100 mm., are thoroughly cleaned 
on one side with sand or emery paper. The clean surface, 
which must not be touched with the fingers, is given two 

^ thin uniform coats of the paint, and dried for 4 days at 
the ordinary temperature. The greatest care must be taken 
that not the smallest portion remains unpainted. The paint 
is best dried by placing the sheets upon small strips of wood, 
in a horizontal position and the painted surface uppermost. 
On the back of the sheet may be marked the number of the 
paint under examination ; this is best done with oil paint. 
The sheets are then laid over a boiling water bath, with the 
painted side downwards. In order to avoid mechanical 
injury, the short edges of the sheets are placed upon small 
rods^ of wood ; the surface which comes in contact with these 
is to be disregarded. The height above the boiling water 
bath should imiformly be 50 mm., and the water should be 
kept at a constant level. After 15 hours the sheets are 
dried for a short time at 100° C. (not above). By means of 
a soft brush the layer of paint is saturated with aniline, 
so that it is softened and can readily be removed. It should 
be scratched off with a clean knife or another sharp instru- 
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ment only when very hard, and then with great care, since 
the thin layer of rust which is formed under inferior paints is 
easily removed by the knife at the same time. When the 
paint has been removed the metal is dried by means of 
alcohol. In the case of a good paint, the surface should be 
completely intact ; when this is the case, the scratches made 
in cleaning with sand paper are still present. 

Many paints are praised as being fast to acids, by which 
the impression is created that they are of some special nature. 
The fastness to acids frequently depends only upon the 
property, more or less common to all oil paints, of being little 
changed by dilute sulphuric acid. In order to decide whether 
a paint is really fast to acids, the painted surface is placed 
over a glass vessel, containing 100 cc, half filled with 
strong hydrochloric acid (33 per cent.), so that the layer of 
paint lies horizontally 50 mm. above the acid. Very soon 
the acid vapours condense on the paint, and in many cases 
form strong salt solutions from the oxides contained in the 
paint, which in their turn protect the iron from rusting. 
However, if the layer of salts be removed every hour by 
washing the plates, and if the plates be dried and again ex- 
posed to the action of the acid vapours, eventually warming 
the acid to 20° C, the destructive action of the hydrochloric 
acid is soon observed. If still apparently intact after 12 
hours the coat of paint is removed by means of aniline in 
the above-mentioned manner. The action of the acid can 
then be seen clearly ; it should be unnecessary to state that 
this action can only consist in etching and not in the forma- 
tion of rust. 
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Florentine flask, 137. 
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Grapeseed oil, 87, 93, 310, 316. 
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,, value, 317. 
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carbonate, 158, 169, 170. 
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Lead peroxide, 158, 169. 
precipitated, 158. 
resinate, 158, 301, 306. 
suboxide. 158. 
sulphate, 265. 
tartrate, 158, 169. 
Linoleic acid, 4, 5, 7, 149. 
Linoleic anhydride, 5, 10, 231. 
Linoleuic acid, 7, 22. 
Linolic acid, 7, 22, 67, 149, 257. 
Linoleum, 239, 249. 
Linoxic acid, 5, 8. 
Linoxyn, 6, 9, 10, 33, 35, 65, 149. 
Linseed ash, 62. 
cake, 121. 
meal, 121. 

oil, 34, 57, 93, 148, 310, 315. 
oil plaster, 287, 289. 
oil, thickened, 225, 229, 232, 
321. 
Liquid driers, 215, 284. 
Litharge, 161, 169, 170, 175, 179, 287. 
Linusic acid, 7. 

Manganese acetate, 158, 160, 161, 

169, 170. 
bcnzoate, 158, 160. 
borate, 11, 29, 154, 158, 

160, 161, 169, 170, 

175, 179, 192, 227, 

287. 
carbonate, 158, 160, 161. 
chloride, 160. 
chromate, 158, 160. 
citrate, 158, 160. 
compounds, 160. 
formate, 158, 160, 169. 
linoleate, 158, 161, 163, 

168,175,176,299,300. 
nitrate, 158,160,169,171. 
oleate, 158. 179, 299. 
oxalate, 158, 160, 161, 

169, 171. 
peroxide, 158, 160, 175. 
resinate, 158, 161, 163, 

168, 175, 176, 179, 
201, 287, 301, 304, 
305. 

succinate, 158, 160. 

sulphate, 158, 160, 169, 

170, 171. 
sulphite, 158. 
tartrate, 158, 160, 169, 

170. 
Manganic chloride, 158. 

,, hydroxide, 160, 161, 176, 

287. 
,, oxide, 158. 
Mangauous hydroxide, 158, 160. 
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Margarolic acid, 46. 
Maiimene test, 360. 
MeloDseed oil, 91. 
Menhaden oil, 320. 
Mercuric oxide, 158. 
Micaceous iron ore, 266. 
Mineral oils, 272, 322, 327. 
Mohamba oil, 89. 
Mucilage, 125, 150, 211. 
Mustardseed oil, 127. 

Naphtha, 293. 
Nitric acid, 158. 

Oil cake, 120. 

„ cloth, 223, 225. 

,, extracting works, 112, 114. 

,, meal, 120. 

,, press, 101. 
Oleometer, 93. 
Onions, 158. 

Oxygen absorption, 12, 327. 
Ozone, 32, 130, 146, 202. 
Ozonised air, 203. 
Ozoniser, 207. 

PaIiNT, 256, 258, 259, 261. 
Paints, examination of, 331. 
Petroleum residues, 281. 
Physical constants, 302. 
Pigments, 259. 
Pine oil, 91. 
Plasters, 287, 289. 
Poppyseed cake, 122. 

oil, 4, 7, 20, 69, 93, 148, 
266, 310, 315. 
Potassium bichromate, 146. 

,, {)ermanganate, 145. 

Printers' varnish, 223, 228, 240, 309. 
Pumice, 158. 
Pumpkinseed cake, 124. 

„ oil, 56, 91, 93. 

Pyknometer, 311. 
Pyrolusite, 160, 161, 175, 179, 287. 

Red lead, 161, 164, 169, 175, 179, 267, 

287. 
Red pineseed oil, 91. 
Refining, 124. 
Refractometer, 320. 
Reichert-Meissl value, 312. 
Resinates, analysis of, 303. 

,, metallic, 300. 
Resistance to acids, 333. 
Ricinoleic acid, 80. 
Ricinoleo-sulphuric acid, 81. 
Rosin, 324. 

„ oil, 17, 270,271,278,279,322,325. 

,, soaps, 272, 273. 
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Rosin spirit, 293. 
Rust, 256i 

Safflower oil, 92. 
Sativic acid, 7. 
Saponification value, 311. 
Scotch fir oil, 91. 
Seed cleaning, 99. 

,, crushing, 100. 

, works, 106. 

, estimation of oil in, 95. 

,, store, 96. 
Shale, 158. 
Shial kaata oil, 90. 
Siccative, English, 297. 
Siccatives, 284. 
Sodium bichromate, 146. 

,, peroxide, 143. 
Solvent naphtha, 293. 
Solvents, 112. 
Spindle oils, 272. 
Spontaneous combustion, 35. 
Spruce firseed oil, 92. 
Stand oil, 232, 321. 
Steam boiled oil, 180. 

,, jacketed pans, 181. 
Storage of boiled oil, 211. 
oil, 25. 
oil seed, 96. 
Substitutes, copal, 272. 

„ boiled oil, 269. 

Suli>huric acid, 129. 
Sunflower oil, 7, 85, 93, 310, 316. 
Sunflowerseed cake, 123. 
Superheated steam, 182. 
Sylvic acid, 273. 

Tempkratuhe, influence of, 265. 
Terebine, 284, 298. 

,, manufacture of, 295. 
Tetrahydroxy stearic acid, 7. 
Thickened linseed oil, 225, 229, 232, 

321. 
Thistle oil, 91. 
Tin, 158. 

Tobacco seed oil, 92. 
Tung oil. See Chinese wood oil. 
Turkey red oil, 80, 81. 
Turpentine, 290, 291, 295. 

,, oxidation of, 291. 

., substitutes, 293. 

Umber, 158, 287. 

Vapours from boiled oil, 183, 184. 
Varnishes, 223. 
Varnish extract, 297. 
Verdigris, 158. 
Vermilion, 158. 
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Walnut cake, 123. 

oil, 67, 72, 93, U8, 310, 
316. 
Water melon oil, 92. 
Waterproof fabrics, 223, 226. 
Weldseed oil. 91. 
White lead, 158, 265, 267, 287. 
Wood oil. See Chinese wood oil. 

Zachun oil, 92. 
Zinc, 158. 



Zinc acetate, 169. 
borate, 169. 
chloride, 189. 
chromate, 166. 
humate, 166. 
nitrate, 169. 
oxide, 158, 169. 
resinate, 274. 
sulphate, 158, 169. 
sylvate, 273. 
white, 265, 267. 
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Paints, Colours and Printing 

Inks. 

THE CHEMISTRY OF PIGMENTS. By Ernest J. Parry, 
B.Sc. (Lond.), F.I.C., F.C.S., and J. H. Costb, F.I.C, F.C.S. Demy 
8vo. Five Illustrations. 285 pp. Price 10s. 6d. net. (Post free, 
10s. lOd. home; lis. Sd. abroad.) 

Contents. 

Introductory. Light— White Light — ^The Spectrum— The Invisible Spectrum — Normal 
Spectrum — Simple Nature of Pure Spectral Colour— The Recomposition of White Light — 
Primary and Complementary Colours — Coloured Bodies— Absorption Spectra — The Appli- 
cation of Pigments. Uses of Pigments: Artistic, Decorative, Protective— Methods of 
Application of Pigments : Pastels and Crayons, Water Colour, Tempera Painting, Fres«>, 
Encaustic Painting, Oil-colour Painting, Keramic Art, Enamel, Stained and Painted Glass. 
Mosaic — Inorganic Pigments. White Lead — Zinc White — Enamel White — ^Whitening — 
Red Lead — Litharge — Vermilion— Royal Scarlet — ^The Chromium Greens— Chromates of Lead, 
Zinc, Silver and Mercurv — Brunswick Green — The Ochres — Indian Red — Venetian Red — 
Siennas and Umbers — Light Red — Cappagh Brown— Red Oxides — Mars Colours— Terre Verte 
— Prussian Brown — Cobalt Colours — Coeruleum — Smalt— Copper Pigments — Malachite — 
Bremen Green — Scheele's Green — Emerald Green — Verdigris — Brunswick Green — Non- 
arsenical Greens — Copper Blues — Ultramarine — Carbon Pigments — Ivory Black — Lamp Black 
— Bistre — Naples Yellow — Arsenic Sulphides : Orpiment, Realgsu*— Cadmium Yellow — 
Vandyck Brown — Organic Pigments. Prussian Blue — Natural Laikes — Cochineal — Carmine 
—Crimson — Lac Dye — Scarlet — Madder — Alizarin — Campeachy — Quercitron — Rhamnus — 
Brazil Wood— Alkanet— Santal Wood— Archil— Coal-tar Lakes— Red Lakes— Alizarin Com- 
(pounds — Orange and Yellow Lakes — Green and Blue Lakes— Indigo — Dragon's Blood — 
•Gamboge — Sepia — Indian Yellow, Puree — Bitumen, Asphaltum, Mummy — Index. 

THE MANUFACTURE OP PAINT. A Practical Handbook 
for Paint Manufacturers, Merchants and Painters. By J. Cruickshank 
Smith, B.Sc. Demy 8vo. 200 pp. Sixty Illustrations and One Large 
Diagram. Price 7s. 6d. net. (Post free, 7s. lOd. home ; 8s. abroad.) 

Contents. 

Preparation of Raw Material — Storing of Raw Material — ^Testing and Valuation of Raw 
Material — Paint Plant and Machinery— The Grinding of White Lead — Grinding of White 
Zinc — Grinding of other White Pigments — Grinding of Oxide Paints — Grinding of Staining 
Colours — Grinding of Black Paints — Grinding of Chemical Colours — ^Yellows— Grinding m 
Chemical Colours — Blues — Grinding Greens — Grinding Reds — Grinding Lakes— Grinding 
Colours in Water— Grinding Colours m Turpentine— -The Uses of Paint — ^Testing and Matching 
Paints— Economic Considerations — Index. 

DICTIONARY OF CHEMICALS AND RAW PRO- 
DUCTS USED IN THE MANUFACTURE OF 
PAINTS, COLOURS, VARNISHES AND ALLIED 
PREPARATIONS. By George H. Hurst, F.C.S. Demy 
8vo. 380 pp. Price 7s. 6d. net. (Post free, 8s. home ; 8s. 6d. abroad.) 

THE MANUFACTURE OF LAKE PIGMENTS FROM 
ARTIFICIAL COLOURS. By Francis H. Jennison, 
F.I.C, F.C.S. Sixteen Coloured Plates, showinflr Speoimens of 
Elfi^hty-nlne Colours, speoially prepared from the Reoipes given 

In the Book. 136 pp. Demy 8vo. Price 7s. 6d. net. (Post free, 
7s. lOd. home; 8s. abroad.) 

contents. 

The Groups of the Artificial Colouring Matters— The Nature and Manipulation of Artificial 
Colours — Lake-forming Bodies for Acid Colours— Lake-forming Bodies* Basic Colours — Lake 
Bases — ^The Principles of Lake Formation — Red Lakes— Orange, Yellow, Green, Blue, Violet 
and Black Lakes — The Production or Insoluble Azo Colours in the Form of Pij[ments — ^The 
General Properties of Lakes Produced from Artificial Colours — Washing, Filtering and Pin- 
ishing — Matching and Testing Lake Pigments— Index. 



PAINTS, COLOURS, ETC.— continued. 
TH£ MANUFACTURE OF MINERAL AND LAKE 

PIGMENTS. Containing Directions for the Manu&cture 
of all Artificial, Artists and Painters' Colours, Enamel, Soot and Me- 
tallic Pigments. A Text-book for Manufacturers, Merchants, Artists 
and Painters. By Dr. Josef Bersch. Translated by A. C. Wright, 
M.A. (Oxon.), B.Sc. (Lond.). Forty-three Illustrations. 476 pp., demy 
8vo. Price 12s. 6d. net. (Post free, 13s. home ; 13s. 6d. abroad.) 

RECIPES FOR THE COLOUR, PAINT, VARNISH, OIL, 

SOAP AND DRYSALTERY TRADES. Compiled by 
An Analytical Chemist. 350 pp. DemySvo. Price7s.6d.net. (Post 
free, 8s. home ; 8s. 3d. abroad.) 

OIL COLOURS AND PRINTERS' INKS. By Loui& 

Edgar And£s. Translated from the German. 215 pp. Crown 8vo» 
56 Illustrations. Price 5s. net. (Post free, 5s. 4d. home ; 5s. 6d. abroad.^ 

Contents. 

Linseed Oil — Poppy Oil — Mechanical Purification of Linseed Oil — Chemical Purification of 
Linseed Oil — Bleaching Linseed Oil — Oxidizing Agents for Boiling Linseed Oil — Theory of 
Oil Boiling — Manufacture of Boiled Oil — Adulterations of Boiled Oil — ^'hinese Drying Oil and 
Other Specialities — Pigments for House and Artistic Painting and Inks — Pigment for 
Printers' Black Inks — Substitutes for Lampblack — Machinery for Colour Grinding and 
Rubbing — Machines for mixing Pigments with the Vehicle — Paint Mills — Manufacture of 
House Oil Paints — Ship Paints — Luminous Paint — Artists' Colours — Printers' Inks: — 
VEHICLES— Printers' Inks :— PIGMENTS and MANUFACTURE— Index. 

MODERN PRINTING INKS. A Practical Handbook for 

Printing Ink Manufeicturers and Printers. By Alfred Seymour. 
Demy 8vo. Six Illustrations. 90 pages. Price 5s. net. (Post free, 
ds. 4d. home ; 5s. 6d. abroad.) [^^^^ published. 

Contents. 

Introduction. — Division of Labour— A Separate Industry — Choice of Materials — Skilful 
Manipulation — Some Important Factors — The Medium — Ink and Colour Mixing — A Justifica- 
tion. Linseed Oil. — Extraction of the Oil — Classification — Mechanical Purification — 
Adulteration — Boiled Oil — Preparation of Boiled Oil — ^An Alternative Process. Vamisli. — 
A Vehicle and Essential Component — A Reference to Lithography — Baltic Oil — Preparation 
of Varnish — The Modern Method — An Old Argument — Letterpress Varnish — A Cheaper 
Medium— A Suggestive Recipe — Fire Risks — Gradations of Varnish. Dry Colours. — ^A 
Recommendation — An Endless Variety of Materials — Earth Colours — Mineral Colours — 
Substrates — ^Toning Earth Colours — Physical Characteristics — Colouring Power — Brilliance — 
Punty of Tone — Permanence. Dry Colours— Blacics, Wliites, Ycilows— Lampblack- 
Process of Manufacture — Calcination — Carbon Black— Acetylene Black — A Simple Test — Lead 
and Zinc Whites— White Earth Colours — Yellows — Yellow Ochres — Mineral Yellows. Dry 
Colours — Reds, Browns. — Classification of Reds — Genuine Vermilions — Preparation — 
Imitation Vermilions — Umber, Raw and Burnt — Sienna, Raw and Burnt. Blues, Greens. — 
Ultramarine Blue — A Useful Tint — Other Similar Blues — Cobalt Blues — Prussian— Chinese 
and Bronze Blues — ^A Test for Purity — Greens — Compound Greens — Mine ral Greens. LkkitB, 
— Characteristics — Lake Derivatives — A Point of Importance — Red Lakes — Madder — 
Cochineal and Carmine — Brazil Wood— Alizarine a Coaltar Derivative — Yellow Lakes — Blue 
Lakes— Green Lakes. Tlie Qrindins: of Printings Inlcs.- Ink-grinding Machinery— Ink- 
grinding Mill — A Novel Machine — Hand Grinding — Treatment of Gritty Colours— A Question 
of Proportion— Approximate Calculation — Soap — Saturation — Friction Heat — Consistent 
Grinding. Inic and Colour Mixing'. — A Necessary Acquisition— Ink Mixing Defined — Mixed 
Green Inks — Mixed Brown Inks — Tints — Ink Mixing — Lithographic Inks — C haracteristics of 
Yellows — Mixing Vermilion — Ultramarine and Other Blues — Bronze, Prussian and Chinese 
Blues — Working Consistency — Reducing Medium — Letterpress Inks — Gloss Inks — Three- 
colour Inks— Ink-mixing Machine. Tlie Cliaracteristics of Some Pr nting Processes.— 
A Supplementary Discussion — Letterpress Inks — ^Three-colour Printing — Lithographic Printing 
Inks—An Important Feature — Suggestive Points— Tinplate Printing. Driers. — A Valuable 
Auxiliary — Energetic Drying Ink8--The Theory of Dicing— Liquid Driers — ^Terebene— Paste 
Driers— Letterpress Driers — Powder Driers— Turpentme as a Drier. Bronze Powders and 
Bronzing. — A Brief Justification — Bronze Printing Inks— Bronze Powders — ^The Process of 
Manufacture — Preparation of the Leaf— Grinding and Grading — Bronzing Mediums — Requisite 

Dualities— Wax Varnish. '* Tilings Wortb Knowing." — A Record of Notes and 
xperiences — Index. 

{See also Writing InkSy p. ii.) 

THREE HUNDRED SHADES AND HOW TO MIX 
THEM. For Architects, Decorators and Painters. 

(See page 28.) 



PAINTS, COLOURS, ETC.—continued. 
CASEIN. By Robert Schbrbr. Translated from the German 

by Chas. Salter. Demy 8vo. Illustrated. 160 pp. Price 7s. 6d. 

net. (Post free, 78. lOd. home ; Ss. abroad.) 

Contents. 
Casein : Its Origin, Preparation and Properties. Various Methods of Preparing 
Casein. Composition and Properties of Casein. Casein Paints.— " Marble-Lime ^' 
Colour for Outside Work — Casein Bnamel Pftint — Casein Parade Paint — Cold- Water Paint in 
Powder Perm — History's Recipe for Casein Paint and Varnish — Pure Casein Paints for Walls, 
etc. — Casein Paints for Woodwork and Iron — Casein-Silicate Paints — Milk Paints — Casein- 
Silicate Paint Recipes— Trojel's Boiled Oil Substitute— Cahomine Wash— Quick- Drying 
Casein Paint— Boiled Oil Substitute— Ring's Cold-Water Paint— Pormolactin— Waterproof 
Paint for Playing Cards— Casein Colour Lake— Casein-Cement Paint. The Technics of 
Casein Painting. Casein Adhesives and Putties.— Casein Glue in Plates or Flakes — 
Jeromin's Casein Adhesive — Hall's Casein Glue — Waterproof Glue — Liquid Casein Glue — 
Casein and Borax Glue — Solid Casein Adhesive — Casein Solution — Glue Powder — Casein 
Putties — Wsishable Cement for Deal Boards — Wenk's Casein Cement— Casein and Lime Cement 
— "Pitch Barm" — Casein Stopping — Casein Cement for Stone. The Preparation of 
Plastic Masses from Casein.— Imitation Ivory— Anti-Radiation and Anti-Corrosive Com- 
position — Dickmann's Covering for Floors and Walls — Imitation Linoleum — Imitation 
Leather — Imitation Bone — Plastic Mass of Keratin and Casein — Insulating Mass — Plastic 
Casein Masses — Horny Casein Mass — Plastic Mass from Celluloid — Casein Cellulose Compo- 
sition — Fireproof Cellulose Substitute — Nitrocellulose and Casein Composition — Franquet's 
<:elluloid Substitute— Galalith. Uses of Casein In the Textile Industry, for Finishing: 
•Colour Printing, etc.— Caseogum — *' Gtutin "—Casein Dressing for Lmen and Cotton 
jPabrics — Printing Colour with Metallic Lustre — Process for Softening, Sizing and Loading — 
Fixing Casein and Other Albuminoids on the Fibre — Fixing Insoluble Colouring Matters — 
Waterproofing and Softening Dressing — Casein for Mercerising Crftpe — Fixing Zinc White on 
'Cotton with Formaldehyde— ^^asein- Magnesia — Casein Medium for Calico Printing — Loading 
rSilk. Casein Foodstuffs.— Casein Food— Synthetic Milk— Milk Food— Bmulsifiable Casein 
—Casein Phosphate for Baking — Making Bread, Low in Carbohydrates, from Flour and Curd 
— Preparing Soluble Casein Compounds with Citrates — Casein Food. Sundiy Applicatioas 
4>f Casein. 

SIMPLE METHODS FOR TESTING PAINTERS' 

MATERIALS. By A. C. Wright, M.A. (Oxon.), B.Sc. 
(Lond.). Crown 8vo. 160 pp. Price 5s. net. (Post free, 5s. 3d. 
home ; 5s. 6d. abroad.) 

IRON • CORROSION, ANTI - FOULING AND ANTI- 
CORROSIVE PAINTS. Translated from the German of 
Louis Bdoar And^ss. Sixty-two Illustrations. 275 pp. Demy Svo. 
Price 10s. 6d. net. (Post free, 10s. lOd. home; lis. 3d. abroad.) 

Contents. 

Iron-rust and its Formation — Protection from Rusting by Paint — Grounding the Iron with 
Linseed Oil, etc — Testing Paints — Use of Tar for Paintmg on Iron — ^Anti-corrosive Paints — 
Linseed Varnish — Chinese Wood Oil — Lead Pigments — Iron Pigments — Artificial Iron Oxides 
— Carbon — Preparation of Anti-corrosive Paints — Results of Examination of Several Anti- 
corrosive Paints — Paints for Ship's Bottoms — Anti-fouling Compositions — ^Various Anti-cor- 
rosive and Ship's Paints— Official Standard Specifications for Ironwork Paints — Index. 

THE TESTING AND VALUATION OF RAW MATB- 
RIALS USED IN PAINT AND COLOUR MANU- 
FACTURE. By M. W. Jones, RC.S. A Book for the 
Laboratories of Colour Works. 88 pp. Crown Svo. Price 5s. net. 
(Post free, 5s. 3d. home and abroad.) 

THE MANUFACTURE AND COMPARATIVE MERITS 
OF WHITE LEAD AND ZINC WHITE PAINTS. By 

G, Petit, Civil Engineer, etc. Translated from the French. Crown Svo. 
100 pp. Price 4s. net. (Post free, 4s. 3d. home ; 4s. 4d. abroad.) 

Contents. 

Chapters I., The Fundamental Principles of Painting in Oil. II., The Different Varieties of 
White Leads— The Dutch Process— Grmding White Lead in Oil. III., Other Processes of 
Manufacturing White Lead. IV., White Lead Substitutes — Sophistication of White Lead — 
Analysis of White Lead. V., White Lead Paints— Their Merits and Defects. VI., Toxi. 
cology of White Lead — Hygienic Measures in its Manufacture and Use. VII., Zinc White — 
Its Preparation. IX., Zinc White Paint and Zinc White Coatings — ^Their Merita and Defects 



STUDENTS* HANDBOOK OF PAINTS, COLOURS, OILS 
AND VARNISHES. By John Furnell. Crown 8vo. 12 
Illustrations. 96 pp. Price 2s. 6d. net. (Post free, 2s. 9d. home and abroad.) 

Varnishes and Drying OilSe 

OIL CRUSHING, REFINING AND BOILING, THE 

MANUFACTURE OF LINOLEUM, PRINTING AND 

LITHOGRAPHIC INKS, AND INDIA-RUBBER 

SUBSTITUTES. By John Geddes McIntosh. Being 
Volume 1. of the Second, greatly enlarged, English Edition, in three 
. Volumes, of '* The Manufacture of Varnishes and Kindred Industries," 
based on and including the work of Ach. Livache. Demy Svo. 150 pp. 
29 Illustrations. Price 7s. 6d. net. (Post free, 7s. lOd. home; Ss. 
abroad.) 

VARNISH MATERIALS AND OIL-VARNISH MAKING. 

By J. G. McIntosh. Being Vol. II. of " The Manufacture of Varnishes 
and Kindred Industries". Demy Svo. 70 Illustrations. 220 pp. 
Price 10s. 6d. net. (Post free, 10s. lOd. home ; lis. 3d. abroad.) 

Contents. 

Chapter I., Introduction. II., Amber and Amber Oil Varnishe^. III., Copal, etc. IV., 
Resins — Assorting, Cleaning and Fusing. V., Asphaltum, Coal-Tar, Pitch, Rubber, etc. VI., 
Oil-Varnish Making— General Instructions. VII., Copal Oil Varnish. VIII., Rosin Oil Varnish 
—Brunswick Black— Super Black Japan. IX., Testing Varnish — Utilisation of Residues. 

DRYING OILS, BOILED OIL AND SOLID AND 

LIQUID DRIERS. By L. B. Andes. Bxpressly Written 
for this Series of Special Technical Books, and the Publishers hold 
the Copyright for English and Foreign Editions. Forty-two Illustra- 
tions. 342 pp. Demy Svo. Price 12s. 6d. net. (Post free, 13s. home ; 
13s. 3d. abroad.) 

Contents. 

Properties of the Drying Oils ; Cause of the Drying Property ; Absorption of Oxygen ; 
Behaviour towards Metallic Oxides, etc. — The Properties of and Methods for obtaining the 
Drying Oils— Production of the Drying Oils by Expression and Extraction ; Refining and 
Bleaching; Oil Cakes and Meal; The Refining and Bleaching of the Drying Oils; The 
Bleaching of Linseed Oil — ^The Manufacture of Boiled Oil ; The Preparation of Drying Oils 
for Use in the Grinding of Paints and Artists' Colours and in the Manufacture of Varnishes 
by Heating over a Fire or by Steam, by the Cold Process, by the Action of Air, and by Means 
of the Electric Current ; The Driers used in Boiling Linseed Oil ; The Manufacture of Boiled 
Oil and the Apparatus therefor ; Livache's Process for Preparing a Good Drying Oil and its 
Practical Application — The Preparation of Varnishes for Letterpress, Lithographic and Copper- 
plate Printing, for Oilcloth and Waterproof Fabrics : The Manufacture of Thickened Linseed 
Oil, Burnt Oil, Stand Oil by Fire Heat, Superheated Steam, and by a Current of Air — Behaviour 
of the Drying Oils and Boiled Oils towards Atmospheric Influences, Water, Acids and Alkalies 
— Boiled Oil Substitutes — I'he Manufacture of Solid and Liquid Driers from Linseed Oil and 
Rosin; Linolic Acid Compounds of the Driers — The Adulteration and Examination of the 
Drying Oils and Boiled Oil. 

Oils, Fats, Waxes, Greases, 

Petroleum. 

IiUBRICATINQ OILS, FATS AND GREASES: Their 

Origin, Preparation, Properties, Uses and Analyses. A Handbook for 

Oil Manufacturers, Refiners and Merchants, and the Oil and Fat 

Industry in General. By Georob H. Hurst, P.C.S. Second Revised 

and Enlarged Edition. Sixty-five Illustrations. 317 pp. Demy 8va 

Price 10s. fid. net. (Post free, lis. home; lis. 3d. abroad.) 

Contents. 
Introdnctory— Hydrocarbon OiU— Scotch Shale Oils— Petroleum— Vegetable and 
Animal Oils— Testing and AdulterationoflOils— Lubricating Greases— Lubrication — 
▲pi>endices— Index* 



6 
TECHNOLOGY OF PETROLEUM: Oil Fields of the 

World — ^Thcir History, Geography and Geology — ^Annual Production 
and Development — Oil-well Drilling — ^Tran sport. By Henry Neu- 
BEROER and Henry Noalhat. Translated from the French by J. G. 
McIntosh. 550 pp. 153 Illustrations. 26 Plates. Super Royal 8vo. 
Price 2l8. net. (Post free, 21s. 9d. home; 23s. 6d. abroad.) 

Contents. 

Study of the Petrollferoua Strata. 

Bxcavationi — Hand Excavation or Hand Digging of Oil Wells. 

Methods of Boflnff. 

Accidents — Boring Accidents — Methods of preventing them — Methods of remedying them 
— Explosives and the use of the "Torpedo" Levigation — Storing and Transport of Petroleum 
— General Advice — Prospecting, Management and carrying on of Petroleum Boring Operations. 

Qeneral Data— Customary Formulae— Memento. Practical Part. General Data 
bearing on Petroleum— Glossary of Technical Terms used in the Petroleum Industry — Copiot» 
Index. 

MINERAL WAXES : Their Preparation and Uses. By 
Rudolf Greoorius. Translated from the German. Crown 8vo. 250 
pp. 32 Illustrations. Price 6s. net. (Post free, 6s. 4d. home; 
6s. 6d. abroad.) 

Contents. 

Ozokerite— Ceresine— Paraffin— Refiningr Paraffin— Mineral Wax— Appliances for 
Bxtractlnff, Distilling: and Refininjr Ozokerite— Uses of Ceresine, Paraffin and 
Mineral Waxes— Paint and Varnish Removers— Leather and Piston- Rod Qreoses— 
Recipes for Silk, Cotton and Linen Dressings— Candles. 

THE PRACTICAL COMPOUNDING OP OILS, TAL- 
LOW AND GREASE FOR LUBRICATION, ETC. 

By An Expert Oil Refiner. Second Edition. 100 pp. Demy 8vo, 
Price 7s. 6d. net. (Post free, 7s. lOd. home ; 8s. abroad.) 

Contents. 

Introductory Remarks on the General Nomenclature of Oils, Tsdlow and Greases 
suitable for Lubrication — Hydrocarbon Oils— Animal and Pish Oils— Compound 
Oils— Vegetable Oils— Lamp Oils— Engine Tallow, Solidified Oils and Petroleum 
Jelly— Machineiy Qreases: Loco and Antl-frlctlon— Clarifying and UtHlsatioB 
of Waste Pats, Oils, Tank Bottoms, Dralnings of Barrels and Drums, Pickinca 
Up, Dregs, etc.— The Pixins: and Cleaning of Oil Tanks, etc.— Appendix and 
Qeneral Information. 

ANIMAL FATS AND OILS: Their Practical Production, 
Purification and Uses for a great Variety of Purposes. Their Pro- 
perties, Falsification and Examination. Translated from the German 
of Louis Edoar ANoiis. Sixty-two Illustrations. 240 pp. Second 
Edition, Revised and Enlarged. Demy 8vo. Price 10s. 6d. net. 
(Post free, 10s. lOd. home; lis. Sd. abroad.) 

THE MANUFACTURE OF LUBRICANTS, SHOE 
POLISHES AND LEATHER DRESSINGS. By 

Richard Brunnbr. Translated from the Sixth German Edition by 
Chas. Salter. 10 Illustrations. Crown 8vo. 170 pp. Price 7s. 6d. 
net. (Post free, 7s. lOd. home; 8s. abroad.) 

THE OIL MERCHANTS' MANUAL AND OIL TRADE 
READY RECKONER. Compiled by Frank F. Sherriff, 
Second Edition Revised and Enlarged. Demy 8vo. 214 pp. 1904. 
With Two Sheets of Tables. Price 7s. 6d. net. (Post free, 7s. lOd. 
home ; 8s. Sd. abroad.) 

Contents. 

Trade Terms and Customs— Tables to Ascertain Value of Oil sold per cwt. or ton— Specific 
Gravity Tables— Percentage Tare Tables— Petroleum Tables— Paraffine and Benzoline Calcu- 
lations— Customary Drafts— Tables for Calculating Allowance for Dirt, Water, eta— Capacity 
of Ciroulmr Tanks, Tables, etc. etc. 



VEGETABLE FATS AND OILS : Their Practical Prepara- 
tion, Purification and Employment for Various Purposes, their Proper- 
ties, Adulteration and Examination. Translated from the German of 
Louis Edgar Andi&s. Ninety-four Illustrations. 340 pp. Second 
Edition. Demy 8vo. Price 10s. 6d. net. (Post free, lis. home; 
lis. 6d. abroad.) 

EDIBLE FATS AND OILS : Their Composition, Manufacture 

and Analysis. By W. H. Simmons, B.Sc. (Lond.), P.C.S. 

[In preparation. 
The Contents will include the Constitution of Oils and Pats ; Raw Materials ; Bleaching, 
Deodorising and Refining ; Butter ; Lard ; Margarine ; Salad Oils ; Chocolate Cream ; 
Analysis of Raw Materials ; Statistics. 

Essential Oils and Perfumes* 

THE CHEMISTRY OF ESSENTIAL OILS AND ARTI- 

FICIAL PERFUMES. By Ernest J. Parry, B.Sc. 
(Lond.), P.I.C., P.C.S. Second Edition, Revised and Enlarged. 552 pp. 
20 Illustrations. Demy 8vo. Price 12s. 6d. net. (Post free, 13s. home ; 
13s. 6d. abroad.) 

Contents. 

Chapter I. The General Properties of Essential Oils. II. Compounds occurring in 
Essential Oils: (I.) The Terpenes — Sesquiterpenes — Olefinic Terpenes and Sesquiterpenes— 
Pinene — (II.) The Camphor Series— (III.) The Geraniol and Citronellol Group— The Geraniol 
and Citronellol Series — (IV.) Benzene Compounds : Cymene — Phenols and their Derivatives 
— Phenols with Nine Carbon Atoms — Phenols with Ten Carbon Atoms — Alcohols — Aldehydes 
— Ketones — Acids — (V.) Aliphatic Compounds : Alcohols — ^Acids — Aldehydes — Sulphur Com- 
pounds — Other Bodies. III. The Preparation of Essential Oils : Expression— Distillation 
—Extraction. IV. The Analysis of Essential Oils : Specific Gravity — Optical Methods : 
(1) Refraction (2) Polarimetry, Melting and Solidifying Points — Boiling Point and Distillation 
—Quantitative Estimations of Constituents — Aldehydes, Ketones and Oils on which a Direct 
Determination can be made. V. Systematic Study of the Essential Oils. VI 
Chemistry of Artificial Perfumes. Appendix I. Table on Constants of the more 
important Essential Oils. Appendix II. Table of Pharmacopoeial Standards. Index. 



SoapSe 



SOAPS. A Practical Manual of the Manufacture of Domestic, 
Toilet and other Soaps. Bjr Georoe H. Hurst, P.C.S. 2nd edition. 
390 pp. 66 Illustrations. Price 12s. 6d. net. (Post free, 13s. home ; 
13s. 6d. abroad.) 

Contents. 
Introductory— Soap-maker's Alkalies— Soap Pats and Oils— Perfumes— Water as 
a Soap Material— Soap Machinery- Technoloiry of Soap-makins^Qlycerine In Soap 
Lyes— Layins: out a Soap Factory— Soap Analysis— Appendices. 

TEXTILE SOAPS AND OILS. Handbook on the Prepara- 
tion, Properties and Analysis of the Soaps and Oils used in Textile 
Manufacturing, Dyeing and Printing. By Gborob H. Hurst, P.C.S. 
Crown Svo. 195 pp. 1904. Price 5s. net. (Post free, 5s. 4d. home ; 
5s. 6d. abroad.) 

THE HANDBOOK OF SOAP MANUFACTURE. By 

Wm. H. Simmons, B.Sc. (Lond.), P.C.S. and H. A. Appleton. Demy 
Svo. 160 pp. 27 Illustrations. Price 8s. 6d. net. (Post free, 
8s. lOd. home ; 9s. abroad.) 

Contents. 

Definition of Soap.— Properties— Hydrolysis— Detergent Action. Constitution of Oils 
and Pat5, and their Saponification.— Researches of Chevreul and Berthelot— Mixed 
Glyoerides — Modem Theories of Saponification — Hydrolysis accelerated by (1) Heat or 
electricity. (2) Ferments, Castor-seed Ferment, Steapsin Bmulsin and (3) Chemical 
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Contents of "Handbook of Soap Manufacture "~^M/tV»««<f. 

Reaffentf, Sulphuric Acid, Twitcheirs Reagent, Hydrochloric Acid, Lime, Magnesisi, Zinc 
Oxide, Soda and Potash. Raw Materials used in Soap-maldng.— Fats and Oils— Waste 
Pats — Patty Acids — Less-known Oils and Pats of Limited Use — Various New Pats and Oils 
Suggested for Soap-making— Rosin — Alkali (Caustic and Carbonated)— Water— Salt Soap- 
stock. Bleaching: and Treatment of Raw Materials intended for Soap-maldngr. — 
Palm Oil— Cottonseed Oil— Cottonseed " Poots "— Veg^etable Oils— Animal Pats— Bone Pat- 
Rosin. Soap- makinff. — Classification of Soaps— Direct combination of Patty Acids with 
Allali — Cold Process Soaps — Saponification under Increased or Diminished Pressure — SoiPt 
Soap-|-Marine Soaf>— Hydrated Soaps, Smooth and Marbled — Pasting or Saponification — 
Oraming Out— Boiling on Strength — Pitting— Curd Soaps — Curd Mottled — Blue and Grey 
Mottled Soaps— Milling Base — Yellow Household Soaps — Resting of Pans and Settling of 
Soap — Utilisation of Nigres — Transparent Soaps— Saponifying Mineral Oil — Electrical Pro- 
duction of Soap. Treatment off Settled Soap. — Cleansing — Crutching — Liquoring of Soaps 
— Pilling— Neutralising, Colouring and Perfuming — Disinfectant Soaps — Praming — Slabbing 
— Barring — Open and Close Piling — Drying — Stamping — Cooling. Toilet, Textile and 
Miscellaneous Soaps.— Toilet Soaps— Cold Process Soaps — Settled Boiled Soaps— Remelted 
Soaps— Milled Soaps — Drying,' Milling and Incorporating Colour, Perfumes, or Medicaments- 
— Perfumes — Colouring Matter — Neutralising and Super-fatting Material — Compressing — 
Cutting — Textile Soaps — Soaps for Woollen, Cotton and Silk Industries — Patent Textile 
Soaps — Stamping — Medicated Soaps — Ether Soap — Ploating Soaps — Shaving Soaps — 
Miscellaneous Scmps. Soap Perfumes.— Essential Oils— Source and Preparation — Properties 
—Artificial and Synthetic Perfumes. Glycerine Manufacture and Purification. — Treat- 
ment of Lyes — Evaporation — Crude Glycerine — Distillation — Distilled and Dynamite- 
Glycerine — Chemically Pure Glycerine — Animal Charcoal for Decolorisation — Glycerine 
resultant from other methods of Saponification — Yield of Glycerine from Pats and Oils. 
Analysis off Raw Materials, Soap and Glycerine.- Pats and Oils— Alkalies and Alkali- 
Salts — Essential Oils— Soap — Lyes— Crude Glycerine. Statistics off the Soap Industry. 
Appendix A. — Comparison of Degreeu Twaddell, Beaume and Actual Densities. 
Appendix B.— Comparison off Different Thermometric Scales. Appendix C. — Table of 
the Specific Qravltles of Solutions of Caustic Soda. Appendix D.— Table off Strength 
of Caustic Potash Solutions at 60° P. Index. 

Gosmetical Preparations. 

COSMETICS : MANUFACTURE, EMPLOYMENT^ 
AND TESTING OF ALL COSMETIC MATERIALS 
AND COSMETIC SPECIALITIES. Translated 

from the German of Dr. Theodor Koller. Crown Svo. 262 pp.. 
Price 5s. net. (Post free, 5s. 4d. home ; 5s. 6d. abroad.) 

Contents. 

Purposes and Uses of, and Ingredients used in the Preparation of Cosmetics — Preparation oF 
Perfumes by Pressure, Distillation, Maceration, Absorption or Enfleurage, and Extraction 
Methods — Chemical and Animal Products used in the Preparation of Cosmetics — Oils and Fats 
used in the Preparation of Cosmetics— General Cosmetic Preparations — Mouth Washes and 
Tooth Pastes — Hair Dyes, Hair Restorers and Depilatories — Cosmetic Adjuncts and. 
Specialities — Colouring Cosmetic Preparations — Antiseptic Washes and Soaps — Toilet and 
Hygienic Soaps — Secret Preparations for Skin, Complexion, Teeth, Mouth, etc.— Testing and! 
Examining the Materials Employed in the Manufacture of Cosmetics — Index. 

Glue, Bone Products and 

Manures. 

GLUE AND GLUE TESTING. By Samuel R^deal, D.Sc. 

|(Lond.), F.I.C. Fourteen Engravings. 144 pp. Demy Svo. Price 
10s. 6d. net. (Post free, 10s. lOd. home ; lis. abroad.) 

Contents. 

Constittttlon and Properties: Definitions and Sources, Gelatine, Chondrin and Allied 
Bodies, Physical and Chemical Properties, Classification, Grades and Commercial Varieties 
—Raw Materials and Manufacture : Glue Stock, Lining, Extraction, Washing and Clari- 
fying, Filter Presses, Water Supply, Use of Alkalies, Action of Bacteria and of Antiseptics^ 
Various Processes, Cleansing, Forming, Drying, Crushing, etc.. Secondary Products — Uses 
of Glue : Selection and Preparation for Use, Carpentry, Veneering, Paper-Making, Book- 
binding, Printing Rollers, Hectographs, Match Manufacture, Sandpaper, etc., Substitutes for 
other Materials, Artificial Leather and Caoutchouc — Gelatine : General Characters, Liquid 
Gelatine, Photographic Uses, Size, Tanno-, Chrome and Pormo-Gelatine, Artificial Silk,. 
Cements, Pneumatic Tyres, Culinary, Meat Extracts, Isinglass, Medicinal and other Uses, 
Bacteriology— Glue Testlnr : Review of Processes, Chemical Examination, Adulteration,. 
Physical Tests, Valuation of Kaw Materials— Commercial Aspects. 



BONE PRODUCTS AND MANURES : An Account of the 

most recent Improvements in the Manufacture of Pat, Glue, Animal 
Charcoal, Size, Gelatine and Manures. By 1 homas Lambert, Techni- 
cal and Consulting Chemist. Illustrated by Twenty-one Plans and 
Diagrams. 162 pp. Demy 8vo. Price 7s. 6d. net. (Post free, 7s. lOd. 
home; 8s. abroad.) 

Contents. 

Chemical Composition of Bones — Arrangement of Factory — Properties of Glue — Glutio 
and Chondrin — Skin Glue — Liming of Skins — Washing — Boiling of Skins— Clarification of Glue 
Liquors — Glue-Boiling and Clarifying-House — Specification of a Glue — Size — Uses and Pre- 
paration and Composition of Size---Concentrated Size — Properties of Gelatine — Preparation of 
Skin Gelatine — Drying — Bone Gelatine— Selecting Bones~-Crushing — Dissolving — Bleaching 
— Boiling — Properties of Glutin and Chondrin — ^Testing of Glues and Gelatines — ^The Uses m 
Glue, Gelatine and Size in Various Trades — Soluble and Liquid Glues — Steam and Waterproof 
Glues— Manures — Importation of Pood StufiFs — Soils — Germination — Plant Life— Natuml 
Manures— Water and Nitrogen in Farmyard Manure — Full Analysis of Farmyard Manure 
— ^Action on Crops — Water-Closet System — Sewage Manure — Green Manures — Artificial 
Manures — Mineral Manures— Nitrogenous Matters— Shoddy— Hoofs and Horns — Leather 
Waste — Dried Meat — Dried Blood — Superphosphates — Composition — Manufacture — Common 
Raw Bones — D^reased Bones — Crude Fat — Reflned Fat — Degelatinised Bones— Animal 
Charcoal — Bone Superphosphates — Guanos — Dried Animal Products — Potash Compounds- 
Sulphate of Ammonia — Extraction in Zacuo — French and British Gelatines compared — Index. 

Chemicals, Waste Products and 
Agricultural Chemistry. 

REISSUE OF CHEMICAL ESSAYS OP C. W. 
SCHEELE. First Published in English in 1786. Trans- 
lated from the Academy of Sciences at Stockholm, with Additions. 300 
pp. Demy 8vo. Price 5s. net. (Post free. 5s. 6d. home ; 5s. 9d. abroad.) 

Contents. 

Memoir : C. W. Scheele and his work (written for this edition by J. G. Mcintosh) — On 
Fluor Mineral and its Acid — On Fluor Mineral— Chemical Investigation of Pluor Acid, 
-with a View to the Earth which it Yields, by Mr. Wiegler — Additional Information 
Concerning Fluor Minerals — On Manganese, Magnesium, or Magnesia Vitrariorum — On 
Arsenic and its Acid — Remarks upon Salts of Benzdin — On Silex, Clay and Alum — Analysis 
of the Calculus Vesical — Method of Preparing Mercurius Dulcis Via Humida — Cheaper and 
more Convenient Method of Preparing Pulvis Algarothi — Experiments upon Molybdaena 
— Experiments on Plumbago — Method of Preparing a New Oreen Colour — Of the De- 
composition of Neutral Salts by Unslaked Lime and Iron — On the Quantity of Pure Air which 
is Daily Present in our Atmosphere — On Milk and its Acid— On the Acid of Saccharum Lactis 
— On the Constituent Parts of Lapis Ponderosus or Tungsten — Experiments and Observations 
on Bther — Index. 

THE MANUFACTURE OF ALUM AND THE SUL- 
PHATES AND OTHER SALTS OF ALUMINA AND 
IRON. Their Uses and Applications as Mordants in Dyeing 
and Calico Printing, and their other Applications in the Arts Manufac- 
tures, Sanitary Engineermg, Agriculture and Horticulture. Translated 
from the French of Lucien Geschwind. 195 Illustrations. 400 pp. 
Royal 8vo. Price 12s. 6d. net. (Post free, 13s. home ; 13s. 6d. abroad.) 

AMMONIA AND ITS COMPOUNDS : Their Manufacture 
and Uses. By Camille Vincent, Professor at the Central School of 
Arts and Manufactures, Paris. Translated from the French by M. J. 
Salter. Royal 8vo. 114 pp. Thirty-two Illustrations. Price5s.net. 
(Post free, 5s. 4d. home ; 5s. 6d. abroad.) 

Contents. 

Qeneral Considerations : Various Sources of Ammoniacal Products ; Human Urine 
as a Source of Ammonia— Extraction of Ammoniacal Products from Sewage- 
Extraction of Ammonia from Oas Liquor— Manufacture of Ammoniacal Com- 
Sounds from Bones, Nitrosrenous Waste, Beetroot Wash and Peat— Manufacture of 
austic Ammonia, and Ammonium Chloride, Phosphate and Carbonate— Recovery 
of Ammonia from the Ammonia-Soda Mother Liquors— Index. 



10 
INDUSTRIAL ALCOHOL. A Practical Manual on the 

Production and Use of Alcohol for Industrial Purposes and for Use as 
a Heating Agent, as an lUuminant and as a Source of Motive Power. 
By J. G. M*Into8H, Lecturer on Manufacture and Applications of 
Industrial Alcohol at The Polytechnic, Regent Street, London. 
Demy 8vo. 1907. 250 pp. With 75 Illustrations and 25 Tables. 
Price 7s. 6d. net. (Post free, 7s. 9d. home ; 8s. abroad.) 

contents. 

Alcohol and tt« Properties.— Bthy lie Alcohol— Absolute Alcohol— Adulterations — 
Properties of Alcohol — Fractional Distillation — Destructive Distillation — Products of Como 
bustion — Alcoholometry — Proof Spirit — Analysis of Alcohol— Table showing Correspondence 
between the Specific Gravity and Per Cents, of Alcohol over and under Proof— Other 
Alcohol Tables. Contlnaoiu Aseptic and Antiseptic Permantatlon and StorUlsatlon 
In Industrial Alcohol Mannfactare. The Maanfactore of Industrial Alcohol froin 
Beets. — Beet Slicing Machines — Extraction of Beet Juice b^ Maceration, by Diffusioo — 
PermentMtion in Beet Distilleries — Plans of Modem Beet Distillery. The Mannfactare off 
Industrial Alcohol from O rain.— Plan of Modem Grain Distillery. The Manufacture off 
Industrial Alcohol from Potatoes. The Mannfactare of Industrial Alcohol from 
Surplus Stocks of Wine, Spoilt Wine, Wine Marcs, and from Fruit in General. The Manu- 
facture of Alcohol from the Sugar Cane and Sugar Cane Molasses— Plans. Hant, etc., 
for the Distillation and Rectification of ladastrlal Alcohol.— The Caffey and other 
** Patent" Stills — Intermittent versus Continuous Rectification — Continuous Distillation — 
Rectification of Spent Wash. The Manufacture and Uses of Various Alcohol 
Derivatives, Ether, Haloid Ethers, Compound Ethers, Chloroform— Methyl and Amyl 
Alcohols and their Ethereal Salts, Acetone — Barbet's Ether, Methyl Alcohol and Acetone 
Rectifying Stills. The Uses of Alcohol in Manufactures, etc.— List of Industries in 
which Alcohol is used, with Key to Function of Alcohol in each Industry. The Uses off 
Alcohol for Lighting, Heating, and Motive Power. 

ANALYSIS OF RESINS AND BALSAMS. Translated 
from the German of Dr. Karl Dieterich. Demy Svo. 340 pp. 
Price 7s. 6d. net. (Post free, 78. lOd. home ; 8s. 3d. abroad.) 

MANUAL OF AGRICULTURAL CHEMISTRY. By 

Herbert Inole, P.I.C, Late Lecturer on Agricultural Chemistry, the 
Leeds University; Lecturer in the Victoria University. Second 
Edition, with additional matter relating to Tropical Agriculture, etc. 
438 pp. 11 Illustrations. Demy 8vo. Price 7s. 6d. net. (Post free, 
88. home ; Ss. 6d. abroad.) 

Contents. 

Properties and Characteristics of the Elements.— Hydrogen— Oxygen— Heat of Com- 
bustion — Nitrogen — Carbon — Sulphur — Phosphorous — Potassium — Sodium — Fluorine — 
Magnesium — Iron — Chlorine — Aluminium — Silicon — Borax. The Atmosphere. — Nitrogen — 
Oxygen — Ai^on — Carbon Dioxide — Ammonia — Nitric Acid — Ozone — Solid Matter. The SoiL 
— (classification of Rocks— Quartz — Felspar— Mica — Clay — Sandstones — Shales — Limestones 
—Calcareous Rocks— Transported Soils. Formation of Soils.— By Water, Air, Earth 
Worms, V^etation and Bacteria — Sand— Clay — Limestone — Humus— Classification of Soils. 
Reactions In Soils.— Diffusion— Gravitation— Nitrification— Soil Gases— Water of the Soil — 
Biology of the Soil — Electrolytic Dissociation Theory — Mass Action. Analysis of Soils. — 
Samphng — Mechanical and Chemical Analyses — Determination of Silica, Alumina, Ferric 
Oxide, Total Potash and Phosphoric Acid, Lime, Magnesia, Calcium Carbonate, Sulphuric 
Acid, Nitrates and Nitrites. Natural Manures. — Improvement of Soils— Farmyard Manure 
— Composition of Animal Excreta — Use of Litter, Straw, Peat, Bracken, Leaves, Sawdust, 
Tanners' Refuse — Fermentation and Preservation of Farmyard Manure. Other Orranlc 
Manures.— Guano — Poultry and Fish Manures— Seaweed— Dried Blood— Bones—Meat 
Ouano— Hair— Soot— Oil-cakes. Nitrogenous Manures.- Sodium Nitrate— Ammonium 
Sulphate— Phosphatic Manures— Tricalcum Phosphate— Coprolites— Phosphorites— Mineral 
Superphosphates— Basic Slag— Potash Manures— Composition of Principal Potash Salts — 
Various Manures— Common Salt— Gypsum— Limestone— Ferrous Sulphate— Gas Lime — 
Copper Sulphate. Anal^^sis of Manures.— Constituents— Determination of Nitrogen — 
Phosphoric Acid — Potassium — Valuation of Manures from Analysis. Constituents of 
Plants. — Carbohydrates— Sugars— Starch — Dextrin— Glycogen— Inulin — Gums— Cellulose — 
Glucose — Fructose — Cane Sugar — Meletrose— Arabtnose — Xylose — Lignose — Pectose — Gly- 
cerol— Waxes— Organic Acids and their Salts. Essential Oils and Resins.— Terpenes— 
Oxygenated Essential Oils — Essential Oils containing Sulphur — Resins. Nitrogenous Sub- 
stances. — Albuminoids — ^Amides — ^Alkaloids — Chlorophyll. The Plant. — Germination — 
Roots— Osmotic Pressure — Leaves — Assimilation — Flowers. Crops. — Cereals — Root Crops 
—Fodder Crops — Hay — Ventilating Stacks— Silage— Composition of Crops. The Animid. — 
Blood — Bones — Fatty Tissue — Muscle — Digestion — Bile— Urine. Foods and Feeding. — 
Composition of Oil-cake — Bye-Products as Poods — Digestibility of Foods — Calorific Value of 
Foods— Feeding Standards— Manurial Value of Foods. Milk and Milk Products.— Fat- 
Albuminoids — Milk Sugar — Chemical Composition of Cow's Milk — Influence of Food, Season 
and Milking Time— Milk Products— Cream— Skimmed Milk— Butter^Butter-milk— Cheeae— 
Condensed Milk— Koumiss- -Milk Preservation. Analysis of Milk and MUk Products. — 
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Milk— Amount of Pat— Determination of Total Solids, Specific Gravity, Proteids, Milk Sugar 
—Adulteration of Milk — Detection of Preservatives — Butter — Butter Colouring— Cheese — 
Milk Standards. Various Products used In Agriculture.— Arsenious Oxide— Bleaching 
Powder — Copper Salts — Disinfectants — Fungicides — Iron Sulphate — Mercuric Chloride — 
Plant Poisons. Appendix. — Atomic Weights— Hydrometer Scales— Metric System — 
Solubilities. Tropical Afl:riculture, etc.— Composition of Rain Water— Irrigation Water- 
Earth Worms — Motion of Water in Soil— Analysts of Soils — Green Manuring — Kraal Manure 
—Bats' Guano— Artificial Manures— The Plant— Rice— Maize— Millet— Cotton— Flax-Castor 
Seeds — Sunfiower — Composition of Various South African Grown Crops — Ash Constituents of 
Foods — ^Variations in the Composition of Milk — Butter — Fat— Bordeaux Mixture — Insecticides. 

THE UTILISATION OP WASTE PRODUCTS. A Treatise 

on the Rational Utilisation, Recovery and Treatment of Waste Pro- 
ducts of all kinds. By Dr. Thbodor Koller. Translated from the 
Second Revised German Edition. Twenty-two Illustrations. Demy 
8vo. 280 pp. Price 78. 6d. net. (Post free, 7s. lOd. home ; Ss. 3d. 
abroad.) 

THE MANUFACTURE OF CHEMICAL MANURES. 

From the French of J. Fritsch. With 70 Illustrations and 4 Plates. 

[In preparation. 
The Contents wil| include Superphosphates, Guanos, Nitrate of Soda, Dried Blood Sulphate 
of Ammonia, Potashes, etc. 

Writing Inks and Sealing Waxes. 

INK MANUFACTURE : Including Writing, Copying, Litho- 
graphic, Marking, Stamping, and Laundry Inks. By Siomund Lehnbr. 
Three Illustrations. Crown 8vo. 162 pp. Translated from the German 
of the Fifth Edition. Price 5s. net. (Post free, 5s. Sd. home ; 5s. 6d. 
abroad.) 

SEALING-WAXES, WAFERS AND OTHER ADHES- 
IVES FOR THE HOUSEHOLD, OFFICE, WOREr 

SHOP AND FACTORY. By H. C. Standage. Crown 
8vo. 96 pp. Price 5s. net. (Post free, 5s. 3d. home ; 5s. 4d. abroad.) 

Contents. 

4M«terials Used for Making Sealinjif Waxes— The Manufacture of Sealing- Waxes— 

afers — Notes on the Nature of the Materials Used in Making Adhesive Compounds — Cements 

for Use in the Household — Office Gums, Pastes and Mucilages — ^Adhesive Compounds for 



Wafers — Notes on the Nature < 
for Use in the Household — O 
Factory and Workshop Use. 



Lead Ores and Compounds* 

LEAD AND ITS COMPOUNDS. By Thos. Lambert, 
Technical and Consulting Chemist. Demy 8vo. 226 pp. Forty Illus- 
trations. Price 7s. 6d. net. (Post free, 7s. lOd. home ; Ss. 3d. abroad.) 

iContents. 

History — Ores of Lead — Geofiraphical Distribution of the Lead Industry — Chemical and 
Physical Properties of Lead — Alloys of Lead — Compounds of Lead — Dressing of Lead Ores 
— Smelting of Lead Ores — Smelting in the Scotch or American Ore-hearth — Smelting in the 
Shaft or Blast Furnace — Condensation of Lead Fume — Desilverisation, or the Separation 
of Silver from Argentiferous Lead — Cupellation — The Manufacture of Lead Pipes and 
Sheets — Protoxide of Lead — Litharge and Massicot — Red Lead or Minium — Lead Poisoning 
— Lead Substitutes — Zinc and its Compounds — Pumice Stone — Drying Oils and Siccatives 
— Oil of Turpentine Resin — Classification of Mineral Pigments — Analysis of Raw and Finished 
Products — Tables — Index. 

NOTES ON LEAD ORES : Their Distribution and Properties. 
By Jas. Pairie, F.G.S. Crown 8vo. 64 pages. Price Is. net. 
(Post free, Is. 3d. home ; Is. 4d. abroad.) 

{White Lead and Zinc White Paints^ see p. 4.) 
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Industrial Hygiene. 

THE RISKS AND DANGERS TO HEALTH OF VARI- 
OUS OCCUPATIONS AND THEIR PREVENTION. 

By Leonard A. Parry, M.D., B.Sc. (Lond.). 196 pp. Demy 8vo» 
Price 78. 6d. net. (Post free, 78. lOd. home ; 8s. abroad.) 



Occupations which are AGComoanied by the Oeaeratioo and Scatteriog of Abnormal 
^ antitiee of Duet — ^Tradea in which there is Danger of Metallic Poisonins— Certain Chemi- 
cal Trades — Some Miscellaneous Occupation*— Trades in which Various Poisonous Vapour* 



Industrial Uses of Air^ Steam and 

Water. 

DRYING BY MEANS OF AIR AND STEAM. Bxplana- 

tion8, Formulse, and Tables for Use in Practice. Translated from the 
German of B. Hausbrand. Two folding Diagrams and Thirteen Tables. 
Crown 8vo. 72 pp. Price 5s. net. (Post free, 5s. 8d. home; 5s. 6d» 
abroad.) Contents. 

British and Metric Systems Compared — Centigrade and Pahr. Thermometer*— Estimation 
of the Maximum Weight of Saturated Aqueous Vapour which can be contained in 1 kilo^ 
of Air at Different Pressure auid Temperatures— Calculation of the Necessary Weight and 
Volume of Air, and of the Least Expenditure of Heat, per Drying Apparatus with Heated 
Air, at the Atmospheric Pressure : A , With the Assumption that the Air is Completely Satur- 
ated with Vapour both before Entry and after Exit from the Apparatus — Bt When the 
Atmospheric Air is Completely Saturated before entry ^ but at its exit is om/v f , | or ^ Saturated 
— C, When the Atmospheric Air is tiot Saturated with Moisture before Entering the Drying 
Apparatus — Drying Apparatus, in which, in the Drying Chamber, a Pressure is Artifictally 
Created, Higher or Lower than that of the Atmosphere — Drying by Means of Superheated 
Steam, without Air — Heating Surface, Velocity of the Air Current, Dimensions of the Dryin^^ 
Room, Surface of the Drying Material, Losses of Heat — Index. 

(See also " Evaporating , Condensing and Cooling Apparatus ^''^ p. 26.) 

PXTRE AIR, OZONE AND WATER. A Practical Treatise 

of their Utilisation and Value in Oil, Grease, Soap, Paint, Glue and 
other Industries. By W. B. Cowbll. Twelve Illustrations. Crown 
Svo. 85 pp. Price 5s. net. (Post free, 5s. dd. home ; 58. 6d. abroad.) 

Contents. 

Atmospheric Air ; Lifting of Liquids ; Suction Process ; Preparing Blown Oils ; Preparing 
Siccative Drying Oils — Compressed Air ; Whitewash — Liquid Air ; Retrocession — Purification 
of Water; water Hardness — Fleshings and Bones — Ozonised Air in the Bleaching and De- 
odorising of Fats, Olues, etc. ; Bleaching Textile Fibres — Appendix : Air and Gases ; Pressure 
of Air at Various Temperatures ; Fuel ; Table of Combustibles ; Saving of Fuel by Heating 
Peed Water; Table of Solubilities of Scale Making Minerals: British Thermal Units Tables ; 
Volume of the Flow of Steam into the Atmosphere ; Temperature of Steam — Index. 

THE INDUSTRIAL USES OF WATER. COMPOSE 
TION — EFFECTS— TROUBLES — REMEDIES— RE- 
SIDUARY WATERS— PURIFICATION— ANALYSIS. 

By H. DB LA Coux. Royal Svo. Translated from the French and 
Revised by Arthur Morris. 364 pp. 135 Illustrations. Price 10s. 6d. 
net. (Post free, lis. home; lis. 6a. abroad.) 

Contents. 

Chemical Action of Water in Nature smd in Industrial Use— Composition of Waters- 
Solubility of Certain Salts in Water Considered from the Industrisd Point of View — Effects on 
the Boiling of Water— Effects of Water in the Industries— Difficulties with Watei^Feed 
Water for Boilers— -Water in Djreworks, Print Works, and Bleach Works — Water in the 
Textile Industries and in Conditioning — ^Water in Soap Works — Water in Laundries and 
Washhouses— Water in Tanning — Water in Preparing Tannin and Dyewood Extracts— Water 
in Papermaking — Water in Photography — Water in Su^r Refining— Water in Making Ices 
and Beverages— Water in Cider Making— Water in Brewing— Water m Distilling— Preliminary 
Treatment and Apparatus — Substances Used for Preliminary Chemical Purification — Com- 
mercial Specialities and their Employment — Precipitation of Matters in Suspension in Water 
— ^Apparatus for the Preliminary Chemical Purification of Water— Industrial Filters — Indua- 
triai Sterilisation of Water— Residuary Waters and their Purification — Soil Filtration — 
Purification by Chemical Processes — Analyses — Index. 

(See Books on Smoke Prevention^ Engineering and Metallurgy ^ p. 26, ftc,) 
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X Rays. 

PRACTICAL X RAY WORK. By Frank T. Addyman, 

B.Sc. (Lond.), F.I.C., Member of the Roentgen Society of London ; 
Radiographer to St. George's Hospital ; Demonstrator of Physics and 
Chemistry, and Teacher of Radiography in St. George's Hospital 
Medical School. Demy 8vo. Twelve Plates from Photographs of X Ray 
Work. Fifty-two Illustrations. 200 pp. Price 10s. 6d. net. (Post free, 
10s. lOd. home; lis. 8d. abroad.) 

Contents. 

Historical — Work leading up to the Discovery of the X Rays— The Discovery — Appara- 
tas and its ManajB:ement— Electrical Terms— Sources of Electricity— Induction Coils— 
Electrostatic Machines — Tubes— Air Pumps — Tube Holders and Stereoscopic Apparatus — 
Fluorescent Screens— Practical X Ruy Woric-Installations— Radioscopy— Radiography— 
X Rays in Dentistry — ^X Rays in Chemistry — X Rays in War— Index. 

List Of Plates. 

FrorUisfnece — Congenital Dislocation of Hip-Joint. — I., Needle in Finger. — II., Needle in 
Foot.— III., Revolver Bullet in Calf and Leg.— IV., A Method of Localisation.— V , Stellate 
Fracture of Patella showing shadow of " Strapping ".—VI., Sarcoma.— VII., Six-weeks-old 
Iqjury to Elbow showing new Growth of Bone.— Vl II., Old Fracture of Tibia and Fibula 
badly set. — IX., Heart Shadow. — X., Fractured Femur showins Grain of Splint. — XL. Bar- 
ren's Method of Localisation. 

India-- Rubber and Gutta Percha. 

INDIA-RUBBER AND GUTTA PERCHA. Second 

English Edition, Revised and Enlarged. Based on the French work of 
T. Seeligmann, G. Lamy Torrilhon and H. Falconnet by John 
Geddes McIntosh. Royal 8vo. 100 Illustrations. 400 pages. Price 
12s. 6d. net. (Post free, 13s. home ; 13s. 6d. abroad.) \yust published. 

Contents. 

India- Rubber. — Indiarubber, Latex — Definitions — Laticiferous Vessels — Botanical Origin 
— Habitats — Methods of obtaining the Latex — Methods of Prepanns Raw or Crude India- 
rubber — Rubber Cultivation in Various Countries — Climatology — Sou — Rational Culture and 
Acclimatisation of the Different Species of Indiarubber Plants — Classification of the Ccrni- 
mercial Species of Raw Rubber— Physical and Chemical Proiwrties of the Latex and of 
Indiarubber — General Considerations — Mechanical Transformation of Natural Rubber into 
Washed or Normsd Rubber (Purification) — Softening, Cutting, Washing, Drying, Storage — 
Mechanical Transformation of Normal Rubber into Masticated Rubber — Vulcanisation of 
Normal Rubber — Chemical and Physical Properties of Vulcanised Rubber — Hardened Rubber 
or Ebonite — Considerations on Mineralisation and Other Mixtures— Coloration and Dyeing — 
Analysis of Natural or Normal Rubber and Vulcanised Rubber — Rubber Substitutes — 
Inaitation Rubber— Analysis of Indiarubber. 

Qntta Percha.- Definition of Gutta Percha— Botanical Origin— Habitat— Climatology- 
Soil— Rational Culture — Methods of Collection — Felling and Ringing versus Tapping — Extrae- 
tion of Gutta Percha from Leaves by Toluene, etc. — Classification of the Different Species of 
Commercial Gutta Percha — Physical and Chemical Properties of Gutta Percha — Mechanical 
Treatment of Gutta Percha— Methods of Analysing Gutta Percha— Gutta Perchr Substitutes. 

Leather Trades. 

PRACTICAL TREATISE ON THE LEATHER IN- 
DUSTRY. By A. M. Villon. Translated by Frank T. 
Addyman, B.Sc. (Lond.), F.I.C., F.C.S. ; and Corrected bv an Emi- 
nent Member of the Trade. 500 pp., royal Svo. 128 Illustrations. 
Price 21s. net. (Post free, 21s. 6d. home; 228. 6d. abroad.) 

Contents. 

Preface — ^Translator's Prefaioe— List of Illustrations. 

Part I., Materials nscd In Tannins^— Skins : Skin and its Structure; 'Skins used in 
Tanning; Various Skins and their Uses — ^Tannin and Tanning Substances: Tannin; Barks 
(Oak) ; Barks other than Oak ; Tanning Woods ; Tannin-bearing Leaves ; Excrescences ; 
Tan-bearing Fruits; Tan-bearing Roots and Bulbs; Tanning Juices; Tanning Substances 
used in Various Countries ; Tannin Extracts ; Estimation of Tannin and Tannin Principles. 

Part II., Tannins' — '^^ Installation of a Tannery: Tan Furnaces; Chimneys, Boilers, 
etc.; Steam Engines — Grinding and Trituration of Tsmnina Substances: Cutting up BsuHc; 
Grinding Bark; The Grinding of Tan Woods; Powdering Fruit, Galls and Grains; Notes on 
the Grinding of Bark — Manufacture of Sole Lrather: Soaking; Sweating and Unhairing; 
Plumping and Colouring; Handling; Tanning; Tanninfl Elephants' Hides; Drying; 
Striking or Pinning — Manufacture of Dressing Leather: Soaking; Depilation; New Pro- 
cesses For the Depilation of Skins; Tanning; Cow Hides; Horse Hides; Goat Skins; Manu- 
facture of Split Hides— On Various Methods of Tanning: Mechanical Methods; Physical 
Methods; Chemicsd Methods; Tanning with Extracts-Quantity and Quality; Quantity; 
Net Cost ; Quality of Leather — Various Manipulations of Tiinned Leather : Second Tanning ; 
Grease Stains; Bleaching Leather; Waterproofing Leather; Weighting Tanned Leather; 
Preservation of Leather— Tanning Various Skins. 
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Part 1 1 If Currylilg — Waxed Calf: Preparation; Shaving; Stretchintf or Sliddng; 
Oiling the Grain ; Oiling the Flesh Side ; Whitening and Graining ; Waxing ; Finishing ; I^ 
Finishing; Finishing in Colour; Cost— White Calf: Finishing in White— Cow Hide for 
Upper Leathers: Black Cow Hide; White Cow Hide; Coloured Cow Hide— Smooth Cow 
Hide— Black Leather— Miscellaneous Hides: Horse; Goat; Waxed Goat Skin; Matt Goat 
Skin — Russia Leather: Russia Leather; Artificial Russia Leather. 

Part I v., Enamelled, Hungarv and Chainoy Leather, Morocco, Parchment, Purs 
and Artificial Leather — Bnamelled Leather: Varnish Manufacture; Application of the 
Bnamel; Bnamelling in Colour — Hungary Leather: Preliminai^; Wet Work or Prepara- 
tion; Aiuming; Dressing or Loft Work; Tallowing; Hungary Leather from Various Hides 
—Tawing : Preparatory Operations ; Dressing ; Dveing Tawed Skins ; Rugs^-Chamoy Leather 
— Morocco: Preliminary Operations, Morocco Tanning; Mordants used in Morocco Manu- 
facture; Natural Colours used in Morocco Dyeing; Artificial Colours; Different Methods 
of Dyeing; Dyeing with Natural Colours; Dyeing with Aniline Colours; Dyeing with 
Metallic Salts ; Leather Printing ; Finishing Morocco ; Shagreen ; Bronzed Leather — Gilding 
and Silvering: Gilding; Silvering; Nickel and Cobalt — Parchment — Purs and Furriery: 
Preliminary Remarks; Indigenous Purs; Foreign Furs from Hot Countries; Foreign Furs 
from Qold Countries ; Furs From Birds* Skins; Preparation of Furs; Dressing; Colouring; 
Preparation of Birds' Skins ; Preservation of Furs — ^Artificial Leather : Leather made from 
Scraps ; Compressed Leather ; American Cloth ; P&pier Mftch6 ; Linoleum ; Artificial Leather. 

Part v., Leather Testing and the Theory off Tanning— Testing and Analysis of Leather ; 
Physical Testing of Tanned Leather; Chemical Analysis — The Theory of Tanning and the 
other Openttiota of the Leather and Skin Industry: Theory of Soaking; Theory of Un- 
hairing; Theorv of Swelling; Theory of Handling; Theory of Tanning; Theory of the 
Action of Tannin on the Skin; Theory of Hungary Leather Making; flieory of Tawing; 
Theory of Chamoy Leather Making ; Theory of Mineral Tanning. 

Part VI., Uses off Leather — Machine Belts: Manufacture of Belting; Leather Chain 
Belts ; Various Belts ; Use of Belts — Boot and Shoe-making : Boots and Shoes ; Laces — 
Saddlery : Composition of a Saddle ; Construction of a Saddle — Harness : The Pack Saddle- 
Harness — Military Equipment — Glove Making — Carriage Building — Mechanical Uses. 

Appendix, The World's Commerce In Leather— Europe ; America; Asia; Africa: 
Australasia — I ndex. 

THE LEATHER WORKER'S MANUAL. Being a Com- 

pendium of Practical Recipes and Working Formulae for Curriers, 
Bootmakers, Leather Dressers, Blacking Manufacturers, Saddlers, 
Fancy Leather Workers. By H. C. Standage. Demy 8vo. 165 pp. 
Price 7s. 6d. net. (Post free, 7s. lOd. home ; 8s. abroad.) 

Contents. 

Blackings, Polishes, Glosses, Dressings, Renovators, etc., for Boot and Shoe Leather — 
Harness Blackings, Dressings, Greases, Compositions, Soaps, and Boot-top Powders and 
Liquids, etc., etc. — Leather Grinders' Sundries — Currier's Seasonings, Blackmg Compounds, 
Dressings, Finishes, Glosses, etc. — Dyes and Stains for Leather- Miscellaneous Information 
— Chrome Tannage — Index. 

{See •* Wood Products, Dtstillates and Extracts,*' p. 29). 

Books on Pottery, Bricks, 
Tiles, Glass, etc. 

MODERN BRICKMAKING. By Alfred B. Searle. Royal 

Svo. 440 pages. 260 Illustrations Price 12s. 6d. net. (Post free, 
13s. home; 13s. 6d. abroad) [jfust published. 

Contents. 

Nature and Selection off Clays.— Lake and River Deposited Clays— Rock Clays — Shale 
— Fire-clay. The Colour off Bricks. — Marls— White, Yellow, and Red Bricks— Tcrra-cotta— 
Blue Bricks. General Characteristics off Bricks.— Fletton, Bath, and AccringtcMi Bricks 
— London Stocks — Plastic Bricks — Sand-faced Bricks — Glazed Bricks— Fire Bricks — Qualities 
of Bricks. Sand, Breeze, and other Materials.— Chalk-water— General Manufacture of 
Bricks — Clay-washing — Haulage — Hand-Brickmaking — Preparation of the Paste — Puieging 
— Slop-moulding — Sand-moulding — Drying — Shrinking — Pressing — Clamp Kilns — Firing a 
Clamp. Plastic Mouldins' by Machinery. — Wire-cut Bricks — Brick Machines and Plant — 
Crushing Rolls — Grinding Mills — Wet Pans. Mixers and Feeders. — Pug-mills, Mouthpiece 
Presses, and Auger Machines — Expression Roller Machines— Cutting Tables — Repressing — 
Screw Presses — Eccentric Represses— Die- Boxes. DryinsT. — ^Transport. Stlfff-plartic 
Process. — Mill Feeding Machines — Grinding Mills — Elevating — Screens — Sieves — Revolving 
Screens — Stiff-plastic Brickmaking Machines — Repressing — Carrying-off — Drying — Kilns. 
Semi- Dry or Semi-Plastic Process. — Lamination — Drying Troubles — Moulds and Arrises. 
The Dry or Dust Process. — Lamination. Kilns.— Down-draught Kilns — Horizontal-draught 
Kilns — Continuous Kilns — Up-draught Kilns — Newcastle Kiln — Gas-fired Kilns — Semi-con- 
tinuous Kilns — Hoffmann Kilns — Hot-air Flues — Temporary and Permanent Flues — Chamber 
Kilns — Steam — Draught — Mechanical Draught — Gas-fired Continuous Kilns — Muffle Kilns- 
Kiln Construction. — Choice of Bricks — Foundations — Construction of Arches and Crowns — 
Fire Boxes — Feed-holes Chimneys — Selecting a Kiln. Setting and Buminfif. — Up-draught 
and Down-draught Kilns — Horizontal-draught or Continuous Kiln— Glazed Bricks. Firing. — 
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Drying or Steaming — ^Volatilization — Pull Fire — Smoking — Seger Cones — Draught Gauge — 
Cooling. Vitrified Bricks for Special Work.— Clinkers and Paving Bricks— Acid-proof 
Bricks. Pire-Briclcs and Bloclcs.-Materiais—Orog— Grinding— Blocks— Drying— Dipped 
Fire-bricks — Piring — Silica Bricks — Ganister Bricks — Bauxite and Magnesia Bricks — 
Neutral Pire-briclu. Q lazed Bricks.- Pressing — Dipping— Glazes— Coloured Glazes — Ma- 
jolica Glazes— Piring— Salt-glazed Bricks. Periorated, Radial, and Hollow Bricks.- 
Pireproof Flooring. Moulded and Ornamental Bricks— Drying Raw Clay— Sources of 
Difficult and Loss. — Improper Materials or Site — Unsuitable Methods of Working — Lack 
of Capital— Defective Accountmg. — Index. 

THE MANUAL OF PRACTICAL POTTING. Compiled 

by Experts, and Edited by Chas. F. Binns. Third Edition, Revised 
and Enlarged. 200 pp. Demy 8vo. Price 17s. 6d. net. (Post free 
17s. lOd. home; 18s. 3d. abroad.) 

POTTERY DECORATING. A Description of all the Pro- 
cesses for Decorating Pottery and Porcelain. By R. Hainbach. 
Translated from the German. Crown Svo. 250 pp. Twenty-two 
Illustrations. Price 7s. 6d. net. % (Post free, 7s. lOd. home ; 8s. abroad.) 

Contents. 

Qlazes and Bngobes. — Glazes and Their Composition-^laze Materials — The Prepara- 
tion of Glazes — Coloured Glazes — Engobes and Glazes for same — Porcelain Glazes. Ceramic 
Colours. — Preparation of Pure Colours — Underglaze Colours — Applying the Colours on 
Earthenware — Glost Fire Colours — Mufi9e Colours — Decorating Porcelain with Metals — 
Decorating Porcelain by Electroplating — Lustre Decorating on Porcelain — Firing Muffle 
Colours — Imitation of Paintings on Porcelain — Index. 

ARCHITECTURAL POTTERY. Bricks, Tiles, Pipes, Ena- 

melled Terra-cottas, Ordinary and Incrusted Quarries, Stoneware 
Mosaics, Faiences and Architectural Stoneware. By Leon LefIivrb. 
Translated from the French by K. H. Bird, M.A., and W. Moorb 
Binns. With Five Plates. 950 Illustrations in the Text, and numerous 
estimates. 500 pp., royal Svo. Price 15s. net. (Post free, 15s. 6d. 
home; 16s. 6d. abroad.) 

Contents. 

Part I., Plain Undecorated Pottery.— Chapter I., Clays : Sec. 1, Classification, General 
Geological Remarks — Classification, origin, locality ; Sec. 2, General Properties and Composi- 
tion : physical properties, contraction, analysis, influence of various substances on the 
properties of clays; Sec. 3, Working of Clay Pits — I. Open pits — II. Underground pits — 
Mining Laws. Chapter II., Preparation of the Clay : Crushing cylinders and mills, pounding 
machines — Damping: damping machines — Soaking, Shortening, Pugging: horse and steam 
pug*mills, rolling cylinders— Particulars of the above machines. Chapter III., Bricks : Sec. 1, 
Manufacture — (1) Hand and machine moulding. — I. Machines working by compression : on soft 
clay, on semi-firm clay, on firm clay, on dry clay. — II. Expression machines — DieR— Cutting- 
tables — Particulars of the above machine:} — Types of installations — Estimates — Planishing, 
hand and steam presses, particulars — (2) Drying — Drying-rooms in tiers, closed drying-rooms, 
in tunnels, in galleries — Detailed estimates of the various drymg-rooms, comparison of prices — 
Transport from the machines to the drying-rooms — (3) Firing — ^1. In clamps — II. In intermittent 
kilns. A. Open : a. using wood ; b. coal ; b'. in clamps ; b". flame — B. Closed : c, direct flame ; 
c'. rectangular ; c". round; </. reverberatory — III. Continuous kilns. C. With solid fuel : round 
kiln, rectangular kiln, chimneys (plans and estimates) — D. With gas fuel, Fillard kiln (plans and 
estimates), Schneider kiln (plans and estimates), water-gas kiln — Heat production of the kilns; 
Sec. 2, Dimensions, Shapes, Colours, Decoration and Quality of Bricks — Hollow bricks — 
Dimensions and prices of bricks, various shapes, qualities — Various hollow bricks, dimensionft, 
resistance qualities ; Sec. 3, Applications — History — Asia, Africa, America, Europe : Greek,. 
Roman, Byzantine, Turkish,' Romanesque, Gothic, Renaissance. Chapter IV., Tiles: Sec. U 
History; etc. 

Part II., Made-up or Decorated Pottery.— Chapter I., General Remarks on the 
Decoration of Pottery: Dips — Glazes: composition, colouring, preparation, harmony with 
pastes — Special processes of decoration — Enamels, opaque, transparent, colours, under-glaze, 
over-glaze— Other processes. Chapter II., Glazed and Enamelled Brick&^History: Glazing 
— Enamelling — ^Applications — Enamelled tiles. Chapter III., Decorated Quarries : I. Paving 

2uarries — 1. Decorated with dips — 2. Stoneware: A. Fired to stoneware; a. of slag base — 
pplications ; 6. of melting clay — ^Applications — B. Plain or incrusted stoneware ; a. or special 
clay (Stoke-on-Trent) — Manufacture — Application — 6. Of felspar base — Colouring, manu- 
facture, moulding, drying;, firing — Applications. II. Facing Quarries — 1. In faience — A, Of 
limestone paste — B. Of silicious paste — C. Of felspar paste — Manufacture, firing — 2. Of glazed 
stoneware — 3. Of porcelain — Applications of facing quarries. III. Stove Quarries — Prepara- 
tion of the pastes, moulding, firing, enamelling, decoration — Applications. Chapter IV., 
Architectural Decorated Pottery: Sec. 1, Faiences; Sec. 2, Stoneware; Sec. 3, Porcelain. 
Chapter V.. Sanitary Pottery : Stoneware Pipes — Manufacture, firing — ^Applications — Sinks — 
Applications — Urinals, seat s and pans — Applications — Drinking fountains, wash-staoda. Index. 
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OERAMIO TBOHNOLOOT : Being some Aspects of Tech- 
nical Science as Applied to Pottery Manu&cture. Bdited by Charles 
P. BiNNS. 100 pp. Demy 8vo. Price 128. 6d. net. (Post free, 
12s. lOd. home; Ids. abroad.) 

Contents. 

Preface— Th« Chemistry of Pottery — Analysis and Synthesis — Clays and their Com- 
ponents — The Biscuit Oven — Pyrometry — Glazes and their Composition — Colours and 
Colour-making — I ndex. 

THE ART OF RIVETING GLASS, CHINA AND 
EARTHENWARE. By J. Howarth. Second Edition. 
Paper Cover. Price Is. net. (By post, home or abroad, Is. Id.) 

NOTES ON POTTERY CLAYS. The Distribution, Pro- 

perties, Uses and Analyses of Ball Clays, China Clays and China 
Stone. By Jas. Fairie, F.G.S. 132 pp. Crown 8vo. Price 3s. 6d. 
net. (Post free, Ss. 9d. home ; Ss. lOd. abroad.) 

A Reissue of 
THE HISTORY OF THE STAFFORDSHIRE POTTER. 
lES ; AND THE RISE AND PROGRESS OF THE 
MANUFACTURE OF POTTERY AND PORCELAIN. 

With References to Genuine Specimens, and Notices of Eminent Pot- 
ters. By Simeon Shaw. (Originally published in 1829.) 265 pp. 
Demy 8vo. Price 5s. net. (Post free, 5s. 4d. home ; 5s. 9d. abroad.) 

A Reissue of 
THE CHEMISTRY OF THE SEVERAL NATURAL 
AND ARTIFICIAL HETEROGENEOUS COM- 
POUNDS USED IN MANUFACTURING POR- 
CELAIN, GLASS AND POTTERY. By Simeon Shaw. 
(Originally published in 1837.) 750 pp. Royal 8vo. Price 10s. net. 
(Post free, 10s. 6d. home ; 12s. abroad.) 

BRITISH POTTERY MARKS. By G. Woolliscroft Rhead. 

Demy 8vo. 310 pp. With Fourteen Illustrations in Half-tone and 
upwards of Twelve-hundred Marks in the Text. Price 7s. 6d. net. (Post 
free, 8s. home ; 8s. 3d. abroad.) [yi*st published. 



Glassware^ Glass Staining and 

Painting. 

RECIPES FOR FLINT GLASS MAKING. By a British 

Glass Master and Mixer. Sixty Recipes. Being Leaves from the 
Mixing Book of several experts m the Flint Glass Trade, containing 
up-to-date recipes and valuable information as to Crystal, Demi-crystal 
and Coloured Glass in its many varieties. It contains the recipes for 
cheap metal suited to pressing, blowing, etc., as well as the most costly 
crystal and ruby. Second Edition. Crown 8vo. Price 10s. 6d. net. 
(Post free, 10s. 9d. home; 10s. lOd. abroad.) 

Contents. 

Ruby— Ruby from Copper— Flint for using with the Ruby for Coating — ^A German Metal — 
Cornelian, or Alabaster — Sapphire Blue — Crysophis — Opal — Turquoise Blue — Gold Colour — 
Dark Green— Green (common) — Green for Malacnite — Blue for Malachite — Black for Mala- 
chite — Black — Common Canary Batch — Canary — White Opaque Glass — Sealing-wax Red- 
Flint— Flint Glass (Crystal and Demi)— Achromatic Glass — Paste Glass— White hfnamel — 
Firestone— Dead White (for moons)— White Agate— Canary— Canary Enamel — Index. 
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A TREATISE ON THE ART OF GLASS PAINTING. 

Prefaced with a Review of Ancient Glass. By Ernest R. Suffliko. 
With One Coloured Plate and Thirty-seven Illustrations. Demy 8vo. 
140 pp. Price 7s. 6d. net. (Post free, 7s. lOd. home ; 8s. abroad.) 

Contents. 

A Short History of Stained Glass — IDesigning Scale Di:awings— Cartoons and the Cut Line 
— Various Kinds of Glass Cutting for Windows — ^The Colours and Brushes used in Glass 
Painting — Painting on Glass, Dispersed Patterns— Diapered Patterns — Adding — Firing — 
iFret Lead Glazing — Index. 

PAINTING ON GLASS AND PORCELAIN AND 
ENAMEL PAINTING. A Complete Introduction to the 

Preparation of all the Colours and Fluxes used for Painting on Porce- 
lain. Enamel. Faience and Stoneware, the Coloured Pastes and Col- 
oured Glasses, together with a Minute Description of the Firing of 
Colours and Enamel's. By Felix Hermann, Technical Chemist. With 
Eighteen Illustrations. 300 pp. Translated from the German second 
and enlarged Edition. Price 10s. 6d. net. (Post free, 10s. lOd. home ; 
lis. abroad.) 

Paper Making, Paper Dyeing, 

and Testing. 

THE DYEING OP PAPER PULP. A Practical Tieatise for 
the use of Papermakers, Paper stainers. Students and others. By 
Julius Erfurt, Manager of a Paper Mill. Translated into English 
and Edited with Additions by Julius HObner, F.C.S., Lecturer on 
Papermaking at the Manchester Municipal Technical School. With 
Illustrations and 157 patterns Of paper dyed in the pulp. Royal 
8vo, 180 pp. Price 15s. net. (Post free. 15s. 6d. home; 16s. 6d. abroad.) 

Contents. 
Behaviour off the Paper Fibres during the Process off Dyeing, Theory off the 
JVIordant— Colour Fixins: Mediums (Mordants)— influence off the Quality off the Water 
Used— inorgranic Colours— Orgranlc Colours— Practical Application off the Coal Tar 
Colours according to their Properties and their Behaviour towards the Dlffferent 
.Paper Fibres— Uyed Patterns on Various Pulp Mixtures— Dyeing to Shade— Index. 

THE PAPER MILL CHEMIST. By Henry P. Stevens, 

M.A., Ph.D., F.I.C. Royal 12mo. 60 Illustrations. 300 pp. Price 
7s. 6d. net. (Post free 7s. 9d. home ; 7s. lOd. abroad.) 

Contents. 

Introduction. — Dealing with the Apparatus required in Chemical Work and General 
'Chemical Manipulation, introducing the subject of Qualitative and Quantitative Analysis. 
Fuels. — Analysis of Coal, Coke and other Fuels — Sampling and Testmg for Moisture, Ash, 
Calorific Value, etc. — Comparative Heating Value of different Fuels and Relative Efficiency. 
Water. — Analysis for Steam Raising and for Paper Making Purposes generally — Water 
Softening and Purification — A List of the more important Water Softening Plant, giving 
Power required. Weight, Space Occupied, Out-put and Approximate Cost. Raw Materials 
and Detection of Adulterants. — Analysis and Valuation of the more important Chemicals 
■used in Paper Making, including Lime, Caustic Soda, Sodium Carbonate, Mineral Acids, 
Bleach Antichlor, Alum, Rosin and Rosin Size, Glue Gela in and Casein, Starch, China Clay, 
Blanc Fixe, Satin White and other Loading Materials, Mineral Colours and Aniline Dyes. 
Manufacturing^ Operations. — Rags and the Chemical Control of Rag Boiling — Esparto 
Soiling — Wood Boiling — Testing Spent Liquors and Recovered Ash — Experimental Tests 
Avith Raw Fibrous Materials — Boiling in Autoclaves — Bleaching and making up Hand Sheets 
— Examination of Sulphite Liquors — Estimation of Moisture in Pulp and Hair-stuff — Recom- 
mendations of the British Wood Pulp Association. l-inished Products. — Paper Testing, 
including Physical, Chemical and Microscopical Tests, Area, Weight, Thickness, Apparent 
Specific Gravity, Bulk or Air Space. Determination of xMachine Dirc-ction, Thickness, 
Strength, Stretch, Resistance to Crumpling and Friction, Transparency, Absorbency and. 
•other qualities of Blotting Papers — Determination of the Permeability of Filtering Papers — 
Detection and Estimation of Animal and Vegetable Size in Paper — Sizing Qualities of 
Paper — Fibrous Constituents — Microscopical Examination of Fibres — The Effect of Beating 
on Fibres — Staining Fibres— Mineral Matter — Ash — Qualitative and Quantitative Examina- 
tion of Mineral Matter — Examination of Coated Papers and Colouring Matters in Paper. 
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Contents of *'The Paper Mill Ctiemlst**— continued. 

Tables.— English and Metrical Weights and Measures with Equivalents — Conversion of' 
Grams to Grains and vice versa — Equivalent Costs per lb., ewt., and ton — Decimal Equivalents 
of lbs., qrs., and cwts. — Thermometric and Barometric Scales — Atomic Weights and Molecular 
Weights — Factors for Calculating the Percentage of Substance Sought from the Weight of 
Substance Pound— Table of Solubilities of Substances Treated of in Paper Making— Specific 
Gravity Tables of such substances as are used in Papef Making, including Sulphuric Acid, 
Hydrochloric Acid, Bleach, Milk of Lime, Caustic Soda, Cartwnate of Soda, etc., giving 
Percentage Strength with Specific Gravity and Degrees Tw.— Hardness Table for Soap 
Tests— Dew Point— Wet and Dry Bulb Tables— Properties of Saturated Steam, giving 
Temperature, Pressure and Volume — List of Different Machines used in the Paper Making 
Industrv, giving Size, Weight, Space Occupied, Power to Drive, Out-put and Approximate 
Cost — Calculation of Moisture in Pulp — Rag-Boiling Tables, giving Percentages of Lime, 
Soda and Time required — Loss in Weight in Rags and other Raw Materials during Boiling 
and Bleaching— Conditions of Buying and Selling as laid down by the Paper Makers* Associa- 
tion — ^Table of Names and Sizes of Papers — ^Table for ascertaining the Weight per Ream from 
the Weight per Sheet — Calculations of Areas and Volumes — I^arithms — Blank pages for- 
Notes. 

THE TREATMENT OF PAPER FOR SPECIAL. 

PURPOSES. By L. E. And6s. Translated from the 
German. Crown Svo. 48 Illustrations. 250 pp. Price 68. net. (Post 
free, 6s. 4d. home ; 6<. 6d. abroad.) 

Contents. 

I., Parchment Paper, Vegetable Parchment.— The Parchment Paper Machine — 
Opaque Supple Parchment Paper — Thick Parchment — Krugler's Parchment Paper and Parch- 
ment Slates — Double and Triple Osmotic Parchment — Utilising Waste Parchment Paper — 
Parchmented Linen and Cotton — Parchment Millboard — Imitation Horn and Ivory from 
Parchment Paper — Imitation Parchment Paper — Artificial Parchment — Testing the Sulphuric 
Acid. II., Papers for Transfer Pictures. III., Papers lor Preservative and Packing: 
Purposes. — Butter Paper — Wax Paper — Paraffin Paper — Wrapping Paper for Silverware — 
Waterproof Paper — Anticorrosive Paper. IV., Grained Transfer Papers. V., Fireproof and 
Antifalsification Papers. VI., Paper Articles. — ^Vulcanised Paper Mach^ — Paper Bottles — 
Plastic Articles of Paper — Waterproof Coverings for Wsdls and Ceilings — Paper Wheels, 
Roofingand Boats — Pa er Barrels — Paper Boxes — Paper Horseshoes. VII., Gummed Paper. 
VIII., Hectograph Papers. IX., Insecticide Papers. — Fly Papers— Moth Papers. X., 
Chalk and Leather Papers.— GIac6 Chalk Paper— Leather Paper— Imitation Leather. 
XL, Luminous Papers — Blue-Print Papers — Blottmg Papers. XII., Metal Papers — Medi- 
cated Papers. XIII., Marbled Papers. XIV., Tracing and Copying Papers — Iridiscent or 
Mother of Pearl Papers. XV., Photographic Papers— Shellac Paper — Fumigating Papers — 
Test Papers. XVI., Papers for CieMilno: and Polishlnsr Purposes— Glass Paper — 
Pumic Paper — Emery Paper. XVII., Lithographic Transfer Papers. XIX., Sundry 
Special Papers— Satm Paper — Enamel Paper — Cork Paper— Split Paper — Electric Paper — 
Paper Matches — Magic Pictures — Laundry Blue Papers — Blue Paper for Bleachers. XX., 
Waterproof Papers — Washable Drawing Papers — Washable Card — ^Washable Coloured Paper 
— ^Waterproof Millboard — Sugar Paper. XXI., The Characteristics of Paper — Paper Testmg. . 

Enamelling on Metal. 

BNAMELS AND ENAMELLING. For Enamel Makers,. 
Workers in Gold and Silver, and Manufacturers of Objects of Art. 
By Paul Randau. Translated from the German. With Sixteen Illus- 
trations. Demy Svo. 180 pp. Price 10s. 6d. net. (Post free, 10s. lOd. . 
home; lis. abroad.) 

THE ART OF ENAMELLING ON METAL. By W. 

Norman Brown. Twenty-eight Illustrations. Crown Svo. 60 pp. 
Price 2s. 6d. net. (Post free, 2s. 9d. home and abroad.) 

Silk Manufacture. 

SILK THROWING AND WASTE SILK SPINNING. 

By HoLLiNS Rayner. Demy Svo. 170 pp. 117 Illus. Price 5s. net* 
(Post free, 5s. 4d. home ; 5s. 6d. abroad.) 

Contents. 

The Silkworm— Cocoon Reeling and Qualities of Silk— Silk Throwing— Silk Wastes— Thc- 
Preparation of Silk Waste for Degumming— Silk Waste Degumming, Schapping and Dis- 
Chai^ing— The Opening and Dressing of Wastes— Silk Waste " Drawing " or " Preparing **^ 
Machinery — Long Spinning — Short Spinning — Spinning and Finishing Proces8es--Utilisation> 
of Waste Products — Noil Spinning — Exhaust Noil Spinning. 
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Books on Textile and Dyeing 

Subjects. 

THE FINISHING OF TEXTILE FABRICS (Woollen, 

Worsted, Union and other Cloths). By Roberts Beaumont, M.Sc, 
M.I.Mech.B., Professor of Textile Industries, the University of Leeds; 
Author of " Colour in Woven Design " ; *' Woollen and Worsted Cloth 
Manufacture " ; " Woven Fabrics at the World's Fair " ; Vice-President 
of the Jury of Award at the Paris Exhibition, 1900 ; Inspector of Tex- 
tile Institutes ; Society of Arts Silver Medallist ; Honorary Medallist 
of the City and Guilds of London Institute. With 150 Illustrations of 
Fibres, Yarns and Fabrics, also Sectional and other Drawings of 
Finishing Machinery. Demy 8vo, 260 pp. Price 10s. 6d. net. (Post 
free, 10s. lOd. home; lis. 3d. abroad.) [^ust Pubhshed. 

Contents. 

I., Woollen, Worsted and Union Fabrics.— Section^ (I) Woollen Cloths: Saxonies and 
 Cheviots— (2) Worsted Fabrics: Botany and Crossbred — (3) Fancy and Piece-dye Woollens 
— <4) Fancy and Piecc-djje Worsteds— (5) Union Fabrics : Piece-dyes and Fancies— (6) Whip- 
cords, Buckskins, Venetians, Cords and Twist warp Fancies — (7) Heavy Woollens: Box 
Cloths, Meltons, Pilots— (8) Friezes, Shetlands and Naps— (9) Special Types of Overcoatings 
— (10) Golf Cloakinjis— (11) Vestings. II., Processes off Pinlshinsr and their Effffects.— 
Sections— (12) Qualities of Unfinished Woollens— (13) Worsted Fabrics and Finishing— (14) 
Preliminary Work — (15) Finishing Processes— (16) Scouring and the Detergents Used — (17) 
Hydro-extracting— (18) Tentering and Drying— (19) Felting and its Effects— (20) Condition of 
the Piece in Mining— (21) Potash and Soda Soaps— (22) Effects of Raising— (23) Influence of 
Textural Conditions on Raising— (24) Theory of Raising and the Twine in the Yarn— (25) Fabric 
Structure and Raising Surface— (26) Several Kinds of Raising — (27) Lustring Proceses- (28) 
Pressing. III., The Process of Scourlnsf : Scourinsr Machines.- Sections (29) Impurities in 
Greasy Pieces— {30) Scouring Machines— (31) The Rope Machine : Scouring Operation — (32) 
Washmg-off— (33) Points in the Use of the Hope Scourer- (34) The Open Scourer: Construc- 
tion— (35) Advantages of the Open Scourer— (36) Scouring Machine with Flanged Rollers— (37) 
Combined Scouring and Milling Machine. IV., Theory off Felting*.— Sections (38) Qualities 
of Wool in Relation to Felting— (39) Shrinkage Properties of Merino and Cheviot Wools— (40) 
Felting Contrasts, Merino and Southdown Wools— (41) Utility in Woven Manufactures of 
Wools of Different Shrinking Qualities— (42) Yarn Structure— (43) Felting Affected by Yam 
Composition — (44) Methods of Yarn Construction and Felting — (45) Shrinkage of Fabrics made 
of Re-manufactured Fibres— (46) D<>gree of Twine in the Yam — (47) Folded Yarns and Shrink- 
age, v.. Theory of Pelting: Fabric Structure.— Sections (48) Build of the Fabric— (49) 
Felting Quality of Standard Weaves — (50) Influence of Intersections — (51) Variation in Weftmg 
—(52) Irregular Weaves and Felting— (53) Felting of Two-ply Warp and Weft Fabrics— (54) 
Relative Shrinkage of Single and Backed Weaves. VI., Theory off Peltins: : Compound 
Fabrics. — Sections (55) — Structure of Backed Fabrics and the Pelting Quality of the Cloth — 
(56) Three-ply Weft Fabrics— (57) Yarn Characteristics in Compound Weft Fabrics— (58) 
Fabrics Compound in the Warp— (59) Felting of Compound Weaves— (60) Double Cloths and 
Varied Felting— (61) Stitching or Tying of Double and Compound Weaves and the Effects on 
Milling. VII.. Fullinfi: and Milling Machinery.— Sections (62) •« Fulling" and '« Milling" 
— (63) Routine in the Fulling Stocks and Milling Machine — (64) Construction and Working of 
the Fuller Stocks— (65) Milling Machines— (66) Routine of Milling— (67) Corrugated Guide 
Rollers — (68) Machines with Two or More Upper Rollers— (69) Dupl x Machines — (70) Machines 
without Flanged Rollef^71) Mechanical Devices applied to the Spout— (72) Roller Milling 
Machine with Stampers in the Spout — (73) Principle of Combined Milling Machine and Stocks 
— (74) Combined Scouring and Milling — (75) Milling without Artificial Compression. VIII., 
The Theory off Raisinip. —Sections (76) Treatment of the Cloth— (77) Condition of the Cloth 
—(78) Dry Raising— (79) Damp and Wet Raising — (80) Raising Determined by the Degree of 
Felting— (81) Quality of the Material and the Raised Result— (82) Raising and Weave Structure 
—(83) Quality of the Fibre and Yarn Structure — (84) Raising^ of Fabrics in which Special or 
Fancy Yarns are used IX., Raisings Machinery and the Raisins: Process.- Sections (85) 
Hand Raising— (86) Raisinj Gig— (87) Operation of the Raising Gig— (88) Two-cylinder 
Raising Gig— ([89) Teazle Raising— (90) Teazles and Card-wire Compared— (91) Card*wire 
Raising Machines — (92) Modern Card Raising Machines — (93) The Horizontal Machine— 
(94) Rotary Machines. X., Cutting:, Cropping: or Shearing*.- Sections— (97) Cropping 
— <98) The Effects of Cutting— (99) Cutting Machines— (100) The Cross-Cutting Machine— 
(101) The Continuous Cutting Machine— (102) Setting of the Cutting Parts— (103) Form 
of the Bar or " Bed " under the Cutters— (104) Machines with Two or More Cylinders— (105) 
Grinding. XI., Lustring: Processes and Machinery.— Sections (106) The Production of 
Lustre on Woollen and Worsted Fabrics — (107) Steaming and Cooling Machines— (108) 
Pressing— (109) The Vertical Press— (110) The Rotary Press- (111) Intermittent Pressing 
Machine. XII., Methods off Finishing.— Sections (112) Routines of Finishing— (1 13) Woollen 
Routines of Finishing— (114) Worsted Routines of Finishing — (1 15) Routines of Finishing for 
Union Fabrics — index. 
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THX OHXMICAL TECHNOLOGY OF TEXTILS 

FIBRES: Their Origin, Structure, Preparation, Washings 
Bleaching, Dyeing, Printing and Dressing. By Dr. Gboro vok 
GsoROiBVica. Translated m)m the German by Charles Saltbr. 
320 pp. Forty-seven Illustrations. Royal Svo. Price lOs. 6d. net. 
(Post free, lis. home ; lis. dd. abroad.) 

POWER-LOOM WEAVING AND YARN NUMBERING, 

According to Various Systems, with Conversion Tables. Translated 
from the German of Anthon Grunbr. With TWMltyHMx DblflritUlia 
In Colours. 150 pp. Crown Svo. Price 7s. 6d. net. (Post free,. 
7s. 9d. home ; 8s. abroad.) 

TEXTILE RAW MATERIALS AND THEIR CON- 
VERSION INTO YARNS. (The Study of the Raw 
Materials and the Technology of the Spinning Process.) By Julius 
ZiPSBR. Translated from German by Charlbs Saltbr. 302 Illus- 
trations. 500 pp. Demy Svo. Price 10s. 6d. net. (Post free, lis. 
home; lis. 6d. abroad.) 

GRAMMAR OF TEXTILE DESIGN. By H. Nisbbt, 

Weaving and Designing Master, Bolton Municipal Technical SchooU 
Demy Svo. 280 pp. 490 Illustrations and Diagrams. Price 6s. net. 
(Post free, 6s. 4d. home ; 6s. 6d. abroad.) 

Contents. 

The Plain Weave and its Modifications. Twill and Kindred Weaves.— Claasifi- 
oation of Twill Weaves. Diamond and Kindred Weaves. Bedford Cords. Backbd> 
Fabrics. Fustians. Terry Pile Fabrics. Oauze and Lbno Fabrics. Tissue, Lappet, 
and Swivel Fiourino ; also Ondul^ Bppects, and Looped Fabrics. 

ART NEEDLEWORK AND DESIGN. POINT LACE. A 

Manual of Applied Art for Secondary Schools and Continuation Classes. 
By M. B. Wilkinson. Oblong quarto. With 22 Plates. Bound in 
Art Linen. Price Ss. 6d. net. (Post free, ds. lOd. home ; 4s. abroad.) 

Contents. 

Sampler of Lace Stitches — Directions for working Point Lace, tracing Patterns, etc. — 
List of Materials and Implements required for working. Plates L, Simple Lmes, Straight and 
Slanting, and Designs formed from them. II., Patterns formed from Lines in previous 
Lesson. III., Patterns formed from Lines in previous Lesson. IV., Simple Curves, and 
Designs formed from them. V., Simple Leaf form, and Designs ^formed from it. VI., Ble- 
mentary Geometrical forms, with Definitions. VII., Exercises on previous Lessons. VIII., 
Pilling of a Square, Oblong and Circle with Lace Stitches. IX., Design for Tie End, based 
on simple Leaf form. X., Lace Butterflies (Freehand). XI.. Twenty simple Designs evolved 
from Honiton Braid Leaf. XII., Design for Lace Handkerchief, based on previous Lesson. 
XIII., Design for Tea-cosy. XIV., Freehand Lace Collar. XV., Freehand Lace CufiF (to- 
match). XVl., Application of Spray from Lesson XI. XVII.. Adaptation of Curves withini 



a Square, for Lace Cushion Centre. XVIII., Conventional Spray for comer of Tea-cloth. 
- - - ^f, - . - 

_ ly' filled in. gi * '" 
for Working, and am)lication of new Stitches from Sampler. 



XIX., Geometrical fonii for Rosebowl D'Oyley, to be originally filled in. XX., Geometrical 



form for Flower-vase D'Oyley, to be originally filled in. Bach Lesson contains Instructiona 
for Working, and aM>lication of new Stitches from Sampler. 

HOME LACE-MAKING. A Handbook for Teachers and 

Pupils. By M. E. W. MiLROY. Crown Svo. 64 pp. With 3 Plates, 
and 9 Diagrams. Price Is. net. (Post free, Is. 3d. home; Is. 4d. 
abroad.) 

THE CHEMISTRY OF HAT MANUFACTURING. Lec> 

tures delivered before the Hat Manufacturers' Association. By Wat- 
son Smith, P.C.S., P.I.C. Revised and Edited bv Albert Shonk. 
Crown Svo. 132 pp. 16 Illustrations. Price 7s. 6d. net. (Post free,. 
7s. 9d. home ; 7s. lOd. abroad.) 

THE TECHNICAL TESTING OF YARNS AND TEX- 
TILE FABRICS. With Reference to Official SpeciBca- 

tions. Translated from the German of Dr. J. Hbrzfeld. Second 
Edition. Sixty-nine Illustrations. 200 pp. Demy Svo. Price lOs. 6d. 
net. (Post free, 10s. lOd. home ; lis. abroad.J 

DECORATIVE AND FANCY TEXTILE FABRICS. 

By R. T. Lord. For Manufacturers and Designers of Carpets, Damask^ 
Dress and all Textile Fabrics. 200 pp. Demy Svo. 132 Designs and 
Illustrations. Price 7s. 6d. net. (Post free, 7s. lOd. home ; 8s. abroad.) 
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THEORY AND PRACTICE OF DAMASK WEAVING. 

B^ H. KiNZBR and K. Walter. Roval 8vo. Eighteen Folding Plates- 
Six Illustrations. Translated from the German. 110 pp. Price 8s. 6d- 
net. (Post free, 9s. home ; 9s. 6d. abroad.) 

Contents. * 

The Various Sorts of Damask Fabrics— Drill (Ticking, Handloom-made)— Whole 
Damask for Tablecloths— Damask with Ground- and Connecting-warp Threads — Furniture 
Damask— Lampas or Hangings— Church Damasks— The Manufacture of Whole Damask 
— Damask Arrangement with and without Cross-Shedding — ^The Altered Cone-arrangement— 
The Principle of the Comer Lifting Cord — ^The Roller Principle — ^The Combination of the 
Jacquard with the so-called Damask Machine — ^The Special Damask Machine — The Combina- 
tion of Two Tyings. 

FAULTS IN THE MANUFACTURE OF WOOLLEN 
GOODS AND THEIR PREVENTION. By Nicolas 

Reiser. Translated from the Second German Edition. Crown 8vo. 
Sixty-three Illustrations. 170 pp. Price 5s. net. (Post free, 5s. 4d. 
home; 5s. 6d. abroad.) 

Contents. 

Improperly Chosen Raw Material or Improper Mixtures — Wrong Treatment of the 
Material -in Washing, Carbonisation, Drying, Dyeing and Spinning — Improper Spacing of the 
Goods in the Loom — ^Wrong Placing of Colours — Wrong Weight or Width of the Goods- 
— Breaking of Warp and Weft Threads— Presence of Doubles, Singles, Thick, Loose, 
and too Hard Twisted Threads as well as Tangles, Thick Knots and the Like — Errors in 
Cross-weaving — Inequalities, »'.«., Bands and Stripes — Dirty Borders — Defective Selvedges — 
Holes and Buttons — Rubbed Places — Creases — Spots — Loose and Bad Colours — Badly Dyed 
Selvedges — Hard Goods — Brittle Goods — Uneven Goods — Removal of Bands, Stripes,. 
Creases and Spots. 

SPINNING AND WEAVING CALCULATIONS, especially 
relating to Woollens. From the German of N. Reiser. Thirty-four 
Illustrations. Tables. 160 pp. Demy 8vo. 1904. Price 10s. 6d. net. 
(Post free, 10s. lOd. home; lis. abroad.) 

Contents. 

Calculating the Raw Material — Proportion of Different Grades of Wool to Furnish a 
Mixture at a Given Price— Quantity to Produce a Given Length — Yarn Calculations — Yam< 
Number — Working Calculations — Calculating the Reed Count — Cost of Weaving, etc. 

WATERPROOFING OF FABRICS. By Dr. S. Mierzinskk 

Crown Svo. 104 pp. 29 Illus. Price 5s. net. (Post free, 5s. 3d. home ; 
5s. 4d. abroad.) 

Contents. 

Introduction — Preliminary Treatment of the Fabric — Waterproofing with Acetate of 
Alumina — Impregnation of the Fabric — Drying — Waterproofing with Paraffin — Waterproofing 
with Ammonium Cuprate — Waterproofing with Metallic Oxides — Coloured Waterproof 
Fabrics — Waterproofing with Gelatine, Tannin, Caseinate of Lime and other Bodies — Manu- 
facture of Tarpaulin — British Waterproofing Patents — Index. 

HOW TO MAKE A WOOLLEN MILL PAY. By Johx 

Mackie. Crown Svo. 76 pp. Price 3s. 6d. net. (Post free, 3s. 9d. 
home ; 3s. lOd. abroad.) 

Contents. 

Blends, Piles, or Mixtures of Clean Scoured Wools— Dyed Wool Book— The Order Book. 
—Pattern Duplicate Books — Management and Oversight — Constant Inspection of Mill De- 
partments — Importance of Delivering Goods to Time, Shade, Strength, etc. — Plums. 

{For ** Textile Soaps and Oils " see p. 7.) 

Dyeing, Colour Printing, 
Matching and Dye^-stuffs. 

THE COLOUR PRINTING OF CARPET YARNS. Manua! 

for Colour Chemists and Textile Printers. By David Paterson, 
P.C.S. Seventeen Illustrations. 136 pp. Demy Svo. Price 7s. 6d. 
net. (Post free, 7s. lOd. home ; Ss. abroad.) 

Contents. 

Structure and Constitution of Wool Fibre — Yam Scouring — Scouring Materials — Water for 
Scouring — Bleaching Carpet Yarns — Colour Making for Yam Printing — Colour Printing 
Pastes-Colour Recipes for Yarn Printing— Science of Colour Mixing— Matching of Colours 
—"Hank" Printing— Printing Tapestry Carpet Yams— Yam Printin^Steaming Printed 
Ysurns— Washing of Steamed Yams — Aniline Colours Suitable for Yam Printing — Glossary of 
Dyes and Dye-wares used in Wood Yarn Printing — ^Appendix. 
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THE SCIENCE OF COLOUR MIXING. A Manual in- 
tended for the use of layers, Calico Printers and Colour Chemists. By 
David Paterson, P.C.S. Porty-one Illustrations, Five Coloured Plates, 
and Four Platee showlner Eleven Dyed Speoimene of Fabrloe. 132 

pp. Demy 8vo. Price 7s. 6d. net. (Post free, 7s. lOd. home ; Ss. 
abroad.) 

Contents. 

Colour a Sensation ; Colours of Illuminated Bodies ; Colours of Opaque and Transparent 
Bodies ; Surface Colour — Analysis of Light ; Spectrum ; Homogeneous Colours ; Ready 
Method of Obtaining a Spectrum — Examination of Solar Spectrum; The Spectroscope and 
Its Construction ; Colourists' Use of the Spectroscope— Colour by Absorption ; Solutions and 
Dyed Fabrics; Dichroic Coloured Fabrics in Gaslight — Colour Primaries of the Scientist 
versus the Dyet* and Artist ; Colour Mixing bv Rotation and Lye IKreing ; Hue, Purity, 
Brightness ; Tints ; Shades, Scales, Tones, Sad and Sombre Colours— Colour Mixing ; Pure 
and Impure Greens, Orange and Violets ; Large Variety of Shades from few Colours ; Con- 
sideration of the Practical Primaries : Red, ^Uow and Blue — Secondary Colours ; Nomen- 
clature of Violet and Purple Group ; Tints and Shades of Violet ; Changes in Artificial Light 
— ^Tertiary Shades ; Brolren Hues; Absorption Spectra of Tertiary Shades — Appendix : Pour 
Plates with Dyed Specimens Illustrating Text — Index. 

DYERS' MATERIALS : An Introduction to the Examination, 
Evaluation and Application of the most important Substances used in 
Dyeing, Printing, Bleaching and Finishing. By Paul Heerman, Ph.D. 
Translated from the German by A. C. Wright, M.A. (Oxon.), B.Sc. 
(Lond.). Twenty-four Illustrations. Crown 8vo. 150 pp. Price 5s. 
net. (Post free, 5s. 4d. home ; 5s. 6d. abroad.) 

COLOUR MATCHING ON TEXTILES. A Manual in- 
tended for the use of Students of Colour Chemistry, Dyeing and 
Textile Printing. By David Paterson, F.C.S. Coloured Frontis- 
piece. Twenty-nine Illustrations and Fourteen Speoimene Of Dyed 
Fabrioe. Demy 8vo. 132 pp. Price 7s. 6d. net. (Post free, 7s. lOd. 
home ; 8s. abroad.) 

COLOUR: A HANDBOOK OF THE THEORY OF 
COLOUR. By George H. Hurst, F.C.S. With Ten 
Coloured Piatee and Seventy-two Illustrations. 160 pp. Demy 8vo. 
Price 7s. 6d. net. (Post free, 7s. lOd. home ; 8s. abroad.) 

Contents. 
Colour and Its Production— Cause of Colour in Coloured Bodies— Colour Pheno- 
mena and Theories— The Physiology off Light— Contrast— Colour in Decoration and 
Design— Measurement off Colour. 

THE ART OF DYEING WOOL, SILK AND COTTON. 

Translated from the French of M. Hellot, M. Macquer and M. lb 
PiLEUR D'Apligny. First Published in English in 1789. Six Plates. 
Demy 8vo. 446 pp. Price 5s. net. (Post free, 5s. 6d. home; Bs. 

*^''°^^-> contents. 

Part L, The Art off Dyeing Wool and Woollen Cloth, Stuffffs, Yam, Worsted, etc. 
Part IL, The Art off Dyeing Silk. Part IIL, The Art off Dyeing Cotton and Linen 
Thread, together with the Method off Stamping 5ilks, Cottons, etc. 

THE CHEMISTRY OF DYE-STUFFS. By Dr. Georg Von 

Georgievics. Translated from the Second German Edition. 412 pp. 
Demy 8vo. Price 10s. 6d. net. (Post free, lis. home ; lis. 6d. abroad.) 

THE DYEING OF COTTON FABRICS: A Practical 

Handbook for the Dyer and Student. By Franklin Beech, Practical 
Colourist and Chemist. 272 pp. Forty-four Illustrations of Bleaching 
and Dyeing Machinery. Demy 8vo. Price 7s. 6d. net. (Post free, 
7s. lOd. home ; 8s. abroad.) 

THE DYEING OF WOOLLEN FABRICS. By Franklin 
Beech, Practical Colourist and Chemist. Thirty-three Illustrations. 
Demy 8vo. 228 pp. Price 7s. 6d. net. (Post free, 7s. lOd. home ; 
8s. abroad.) 
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Bleaching and Bleaching 

Agents. 

A PRACTICAL TREATISE ON THE BLEACHING OF 
LINEN AND COTTON YARN AND FABRICS. By 

L. Tailper, Chemical and Mechanical Engineer. Translated from the 
French by John Gbddes McIntosh. Demy 8vo. 303 pp. Twenty 
lUus. Price 12s. 6d. net. (Post free, 13s. home; 13s. 6d. abroad.) 

MODERN BLEACHING AGENTS AND DETERGENTS. 

By Professor Max Bottler. Translated from the German. Crown 
8vo. 16 Illustrations. 160 pages. Price 5s. net. (Post free, 5s. 3d. 
home ; 5s. 6d. abroad.) [^ust published. 

Contents. 

Part I., Bleachinsr Agents. Old and New Bleaching Methods and Bleaching 
Agents. — Bleaching Agents for Wool — Bleaching with Permanganate — Perborates — Acid 
Sodium Percarbonate — Bleaching A}{ents for Silk — Bleaching Powder and Alkali Hypoch- 
lorites — Bleaching Processes — Bleaching Linen — Bleaching with Ozone — Bleaching Straw 
and Leather — Discharging Colours — Bleaching Jute and other Vegetable Fibres— Bleaching 
Various Substances— Electrical Bleaching Processes. Sodium Peroxide. — Properties — 
Dissolving Sodium Peroxide — Preparing the Bleaching Liquor— Compressed Sodium Peroxide 
— Sodium Peroxide in Bleaching— Cleaning Materials to be Bleached — ^Testing the Bleaching 
Liquor — Bleaching Kier — Charging the Kier with Bleaching Liquor — Bleaching Woollen and 
Half-Wool Goods — Preparing the Bleaching Li(iuor — Drying the Goods — Magnesium Sulphate 
in Bleaching Liquor — Bleaching Silk— Bleaching Linen, Cotton, Jute and Ramie Goods — 
Production of Peroxides — Bleaching Feathers — Sodium Peroxide m Washing Powder — 
Barium Peroxide — Bleaching Silk with Barium Peroxide. Perborates. — Salts of Perboric 
Acid — Properties of Perborates — Ammonium Perborates — Sodium Perborates — Perborax — 
Merck's Sodium Perborate— Sapozon — Tenting Sodium Perborate. Ozone. — Formation of 
Ozone — Ozone Generators— Chemical Production of Ozone — Properties of Ozone — Employ- 
ment of Ozone in Bleaching. Sodium Bisulphite and Hydrosulphurous Acid.— Bleaching 
with Sulphur Dioxide — Bleaching Wool with Hydrosulphurous Acid — Sodium Hydrosulphite 
— Properties of Sodium Bisulphite — Bleaching Processes — Bleaching Manila Hemp— After- 
treatment with Bisulphite — Bleaching Straw — Bleaching Leather. Discharging Colour from 
Textile Fabrics with Hydrosulphurous Acid. — Preparing the Discharge— Discharging 
Colour from Shoddy and Dyed Fabrics — Stable Hydrosulphite — Method of Using Hydrosul- 
phite — Eradite — Cassella's Hyraldite — Discharging with Hyraldite — Increasing the Dis- 
chai^ing Effect — Stable Hydrosulphites. Permanganate. — Bleaching with Permanganate 
— Action of Permanganate — Bleaching Wool or Silk — Addition of Magnesium Sulphate to 
the Bleaching Liquor—Strength of Permanganate Solution — New Process for Bleaching Jute 
— Bleachmg Skins— Bleaching Straw — Bleaching Ivory. Hydrogen Peroxide. — Constitution 
and Properties — Preparation — Crystalline Hydrogen Perovide — Properties of Hydrogen 
Peroxide Solutions — Stability — Commercial Hydrogen .Peroxide Solutions — Decomposition 
of Hydrogen Peroxide — Purity of Hydrogen Peroxide — Storage Vessels — Care in Handling 
— Instability of Solutions — Reagent for Hydrogen Peroxide — Valuing Hydrogen Peroxide 
Solutions — ^Testing Hydrogen Peroxide — Bleaching Wool with Hydrogen Peroxide — Pre- 
liminary Treatment — Bleaching Bath — After Treatment— Bleaching Silk with Hydrogen 
Peroxide — Bluing before Bleaching — Bleaching Cotton with Hydrogen Peroxide — Bleaching 
Linens with Hydrogen Peroxide — Bleaching Jute with Hydrogen Peroxide — Bleaching Various 
Vegetable Fibres with Hydrogen Peroxide — Bleaching Straw, Wood, etc., with Hydrogen 
Peroxide — Bleaching Leather with Hydrogen Peroxide — Bleaching Ivory, Horn, Bones and 
Similar Articles — Bleaching Hair — Bleaching Sponges with Hydrogen Peroxide. Bleaching 
Pats, Oils, Wax and Paraffin.— New Process for Bleaching Fata and Oils— Bleaching Wax 
— Bleaching Soap — Decrolin and Blankite for Bleaching Soap— Bleaching Glue. Solid, Stable 
Calcium nsrpochlorite and Bleaching Soda.— Stable Calcium Hypochlorite— Bleaching 
Soda. Electric Bleaching. — Electrolytic Bleaching Lye— Judging the Utility of Electric 
Bleaching Plant — Bleaching Experiment with Electrolysed Sodium Chloride Solution — 
Electrolytic Decomposition of Sodium Chloride — Observations of Porster and Miiller — Types 
of Blectrolyser— Electrolytic Bleach — Schuckert Plant — Schoop's Electrolytic Bleaching 
Apparatus — Kellner Bleaching Apparatus, Construction — Method of Working — Mounting the 
Apparatus — Determining the Bleaching Power of Electrolytic Liquors, Volumetric Method — 
Bleaching with Electrolytic Bleaching Liquor. 

Part II., Detergento. — Behaviour of Various Fabrics in the Presence of Chemical Re- 
sigents — Methods of Removing Stains — Chemical Cleaning and Detergents. Benzine Soaps. 
—Removing Stains with Benzine Soap and its Solutions — Antibenzine Pyrine. or Richterol. 
Extractive Detergents and Detergent Mixtures. CarlMMi Tetrachloride.— Properties. 
Aceto-Oxalic Acid as a Detergent ; Special Methods of Removing Stains. Bleaching 
Processes Used in Chemical Cleaning.— Bleaching with Potassium Permanganate- 
Reducing Effect of Sulphur Dioxide — Reduction with Hydrogen Peroxide — Reduction with 
Hydrosulphurous Acid — Seyda's Reduction Process— Combined Method of Removing Stains — 
Hyraldite as a Detergent and Bleaching Agent. Hydrogen Peroxide as a Detergent. -~ 
Behaviour of Hydrogen Peroxide toward Coloured Fabrics. Oxygen as a Detergent. — 
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•Contents of '* Modern Bleachlnflr Agents and Deterarents "~ 

coiUinuea, 

Behaviour of Oxygenol toward Dyed Fabrics. SodlaiB Peroxide as a Determent.— Sodium 
Peroxide Soap. Sundry New Detergents and Cleansing Agents.— Tetrapol—Lavado — 
Novol — Weiss's Benzine Washing Preparation— Hexol— Steinberg's Detei^entOil — Ozonite — 
Ozonal — QutUola — Oruner's Washing Powder— Bureka Washing Powder — Detergent Soaps 
that Liberate Oxygen — Klein's Detergent Soap — Detergent for Sensitive Colours— Poltzow's 
Detergent Soap — WolzendoriFs Cyanide and Photographer's Ink — Detergent Liquids — 
.Hummers Dete^ent Liquid— Detergent Paste — QIanchissine — Henkel's Persil — ^Reinol, Triol, 
Tetra-Isol, Benzm-Isol, Terpin-Isol, Isobenzine Soap and Iso Soap. 

Cotton Spinning and Combing. 

OOTTON SPINNING (First Year). By Thomas Thornley, 

Spinning Master, Bolton Technical School. 160 pp. Eighty-four Illus- 
trations. Crown 8vo. Second Impression. Price ds. net. (Post free, 
3s. 4d. home ; 3s. 6d. abroad.) 

<JOTTON SPINNING (Intermediate, or Second Year). By 
Thomas Thornley. Second Impression. 180 pp. Seventy Illustra- 
tions. Crown Svo. Price 5s. net. (Post free, 5s. 4d. home ; 5s. 6d. 
abroad.) 

COTTON SPINNING (Honours, or Third Year). By Thomas 
Thornley. 216 pp. Seventy-four Illustrations. Crown Svo. Second 
Edition. Price 5s. net. (Post free, 5s. 4d. home ; 5s. 6d. abroad.) 

<30TT0N COMBING MACHINES. By Thos. Thornley, 

Spinning Master, Technical School, Bolton. Demy Svo. 117 Illustra- 
tions. 300 pp. Price78.6d.net. (Post free, 8s. home ; Ss. 6d. abroad.) 

Flax, Hemp and Jute Spinning. 

MODERN FLAX, HEMP AND JUTE SPINNING ANID 

TWISTING. A Practical Handbook for the use of Flax, 
Hemp and Jute Spinners, Thread, Twine and Rope Makers. By 
Herbert R. Carter, Mill Manager, Textile Expert and Engineer, 
Examiner in Flax Spinning to the City and Guilds of I^ndon 
Institute. Demy Svo. 1907. With 92 Illustrations. 200 pp. Price 
7s. 6d. net. (Post free, 78. 9d. home ; 8s. abroad.) 

PIBRES USED IN TEXTILE AND ALLIED INDUS- 
TRIES. By C. Ainsworth Mitchell, B.A. (Oxon.), F.I.C., 
and R. M. Prideaux, F.I.C. With 66 Illustrations specially drawn 
direct from the Fibres. Demy Svo. 200 pp. Price 7s. 6d. net. 
(Post free, 7s. 9d. home ; 8s. abroad.) {Jfust published. 

Contents. 

Classification, General Characteristics, and Microscopical Examination of Fibres— Stegmata 
—Chemical Examination — Ultimate Fibres — Methyl Value — Moisture in Fibres. Wool. — 
Nature of Wool — Commercial Varieties — Characteristics of Good Wool — Merino — Micro- 
scopical Appearance — Mould in Wool — Pelting Property— Curl of Wool— Chemical Composi- 
tion — ^Action of Reagents on Wool — Chlorinised Wool — Detection of Dyed Fibres in Wool — 
Conditioning of Wool. Vicuna— Camel Hair— Alpaca— Llama Halr-Mohair— Cashmere 
— Qoats* Hair— Cow Hair— Horse Hair— Deer Hair-Reindeer Hair— Rabbits' Hair- 
Cats' Hair- Doffs' Hair— Kangraroos' Hair— Human Hair. Silk.— Origin of Silk— 
Reeling— Waste Silk— History— Commercial Varieties of Thread— Size of Yams- Wild Silks 
— Microscopical Characteristics — Colour of Silk — Size of Fibres — Strength and Elasticity — 
Specific Gravity— whemical Composition — Fibroin — Sericin — Hydrolysis of Silk Proteins — 
Action of Chemical Agents — ^Absorption of Tannin — Weighting — Differentiation and Separation 
from other Fibres. Cotton. —Origin — History — Commercial Varieties — Structure of the 
Fibre — Cell Walls — Dimensions of Fibre — Chemical Composition— <^llulose — ^Action of 
Reagents — Nitrated Cotton — Examination of Bleached Fabrics — Absorption of Tannin — 
Absorption of Gases — Absorption of Dycstuffs— " Animalizing " of Cotton — Sized Cotton — 
Polished Cotton — Mould in Cotton — Waterproofed Cotton. Mercerised Cotton. — History — 
Structural Alteration of Fibres — Affinity for Dyestuffs — Chemical Changes in Mercerisation — 
Bffiect upon Strength of Fibre — Measurement of Shrinkage — Reactions and Tests for Mercer- 
ised Cotton— Dyestuff Tests, Artificial Silks.— Historical— Outline of Processes— Strength 



25 

aad Hmsticity— Covering Power— Specific Gravity — Water-— Microscopical Appearance— Re- 
actions and Chemical Tests. Ltnen and Ramie. — Ltnen— Source— Vari«tiM of Commercial 
Flax — Retting of Flax — Lustrous Linen — Use of Linen as a Textile -Characteristics of the 
Fibre — Structure — ^Action of Reagents — Physical Properties — Composition — Flax Wax. 
Ramie — Source — Preparation — History — Properties — Composition. Jute and other 
Fibres. — ^Jute — Source — Commercial Varieties — Properties — Microscopical Appearance — 
Chemical Composition — ^The Cellulose of Jute — Lignocellulosee — Chemical Reactions. Hemp. 
— Source — H istory — Varieties — Properties — Microscopical Appearance— Chemical Composi- 
tion. Sisal Hemp. — Properties — Microscopical Characteristics — Chemical Composition. 
Pita Fibre. Manila Hemp.— Characteristics— Musa Paradisiaca Fibre. Banana Fibre. 
Andansonia Fibre. — Differentiation of Jute : Manila and Andansonia. Sanseviera Fibre 
(Bowstrinsr Hemp).— Source. Sunn Hemp— Qambo Hemp— New Zealand Flax— 
Manritius Hemp-;-Yercum Fibre— Pine Apple Fibre. Brash Fibres.— Cocoanut Fibre 
(Coir) — Characteristics — Ixtle Fibre — Piassava — Brazilian Piassava — African Piassava. 
Vegetable Downs and Upholstery Fibres. — Bombax Cottons — Kapok— Ochroma Down — 
Kumbi or Oalgal — Vegetable Silk — Asclepias Cotton — Calotropis Down — Beaumantia Down — 
Other Vegetable Silks— Vegetable Wool— Tillandsia Fibre— Vegetable Horsehair. Index. 

Collieries and Mines. 

KECOVERY WORK AFTER PIT FIRES. By Robert 

Lamprecht, Mining Engineer and Manager. Translated from the 
German. Illustrated by Six large Plates, containing Seventy-six 
Illustrations. 175 pp., demy Svo. Price 10s. 6d. net. (Post free,. 
10s. lOd. home; lis. abroad.) 

VENTILATION IN MINES. By Robert Wabner, Mining 

Engineer. Translated from the German. Royal Svo. Thirty Plates, 
and Twenty-two Illustrations. 240 pp. Price lOs. 6d. net. (Post free, 
lis. home ; lis. 3d. abroad.) 

HAULAGE AND WINDING APPLIANCES USED IN 
MINES. By Carl Volk. Translated from the German. 

Royal Svo. With Six Plates and 14S Illustrations. 150 pp. Price 
Ss. 6d. net. (Post free, 9s. home ; So. 3d. abroad.) 

Contents. 

Haulsige Appliances — Ropes — Haulage Tubs and Tracks — Cages and Winding Appliances — 
Winding Engines for Vertical Shafts — Winding without Ropes — Haulage in Levels and' 
Inclines — The Working of Underground Engines — Machinery for Downhill Haulage. 

THE ELECTRICAL EQUIPMENT OF COLLIERIES. By 

W. Galloway Duncan, Electrical and Mechanical Engineer, Member 

of the Institution of Mining Engineers, Head of the Government School 

of Engineering, Dacca, India ; and David Penman, Certificated Colliery 

Manager, Lecturer in Mining to Fife County Committee. Demy Svo. 

310 pp. 155 Illustrations and Diagrams. Price 10s. 6d. net. (Post 

free, lis. home ; lis. 3d. abroad.) 

Contents. 
Qeneral Principles, Magmetlsm, Units, Cells, etc— Dynamos and Motors— Trans- 
mission and Distribution off Power— Prime Movers— Llflrhtinsr by Electricity— Initial 
Outlay and Workinflr Cost of Blectrical Installations— Electricity Applied to Coal- 
cnttinflf— Electric Haulage, Windinflr, and Locomotives— Electric Pumps and Pump- 
Inff-Electric- Power Drills and Underground Coal Conveyers— Typical Colliery 
Blectrical Installations— Miscellaneous Applications off the Electric Current— Com- 

B arisen off the Difffferent Modes off Transmittlnsr Powei^-Danffers Occurring from the 
Ise off Electricity in Collerles— Appendix : Questions suitable lor students preparing for 
colliery managers* examinations — Index. 

Dental Metallurgy. 

DENTAL METALLURGY : MANUAL FOR STUDENTS 

AND DENTISTS. By A. B. Griffiths, Ph.D. Demy 
8vo. Thirty-six Illustrations. 200 pp. Price 7s. 6d. net. (Post free, 
7s. lOd. home ; 8s. abroad.) 

Contents • 

Introduction — Physical Properties of the Metals — ^Action of Certain ^ents on Metals — 
Alloy»— Action of Oral Bacteria on Alloys— Theory and Varieties of Blowpipes— Fluxes — 
Furnaces and Appliances — Heat and Temperature — Gold — Mercury — Silver— Iron — Copper^ 
Zinc — Magnesium — Cadmium — ^Tln — Lead — Aluminiiim — Antimony — Bismuth — Palladium — 
Platinum— Iridium — Nickel — Practical Work — Weights and Measures. 
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Engineering, Smoke Prevention 

and Metallurgy. 

THE PREVENTION OP SMOKE. Combined with the 

Bconomical Combustion of Fuel. By W. C. Popplbwbll, M.Sc, 
A.M.Inst., C.B., Consulting Engineer. Forty-six Illustrations. 190 pp. 
Demy 8vo. Price 7s. 6d. net. (Post free, 7s. lOd. home ; Ss. dd. abroad.) 

Contents. 

Fuel and Combustion — Hsuid Firing in Boiler Furaacesr— Stoking by Mechanical Mean. — 
Powdered Fuel — Gaseous Fuel — Efficiency and Smoke Tests of Boilers — Some Standard 
Smoke Trials— The L^al Aspect of the Smoke Question — ^The Best Means to be adopted for 
the Prevention of Smoke— Index. « 

OAS AND COAL DUST FIRING. A Critical Review of 

the Various Appliances Patented in Germany for this purpose since 
1885. By Albert Putsch. 190 pp. Demy 8vo. Translated from the 
German. With 103 Illustrations. Price 5s. net. (Post free, 5s. Ad, 
home ; 5s. 6d. abroad. ) 

Contents. 

Generators — Generators Employing Steam — Stirring and Feed Regulating Appliances- 
Direct Generators — Burners — R^enerators and Recuperators — Glass Smelting Furnaces — 
Metallurgical Furnaces — Pottery Furnace — Coal Dust Firing — Index. 

THE HARDENING AND TEMPERING OF STEEL 
IN THEORY AND PRACTICE. By Fridolin Reiser. 
Translated from the German of the Third Edition. Crown 8vo. 
120 pp. Price 5s. net. (Post free, 5s. 3d. home ; 5s. 4d. abroad.) 

Contents. 

steel— Chemical and Physical Properties of Steel, and their Casual Connection— 
•Classification off Steel according to Use— Testinsr the Quality of Steel — Steel- 
Hardeninir— Investigation of the Causes of Failure in Hardening— Regreneratlon of 
-Steel Spoilt in the Furnace— Weidinff Steel— Index. 

SIDEROLOGY: THE SCIENCE OF IRON (The Con- 
stitution of Iron Alloys and Slags). Translated from German of 
Hanns Preihbrr v. Juptnbr. 350 pp. Demy 8vo. Eleven Plates 
and Ten Illustrations. Price 10s. 6d. net. (Post free, lis. home; 
lis. 6d. abroad.) 

Contents. 

The Theory off Solution. — Solutions — Molten Alloys— Varieties of Solutions — Osmotic 
Pressure — Relation between Osmotic Pressure and other Properties of Solutions — Osmotic 
Pressure and Molecular Weight of the Dissolved Substance — Solutions of Gases — Solid Solu- 
tions — Solubility — DifiFusion — Electrical Conductivity — Constitution of Electrolytes and Metals 
— Thermal Expansion. Micros^raphy. — Microstructure — The Micrographic Constituents of 
Iron — Relation between Micrographical Composition, Carison-Content, and Thermal Treat- 
ment of Iron Alloys— The Microstructure of Slags. Chemical Composition off the Alloys 
of Iron. — Constituents of Iron Alloys — Carbon — Constituents of the Iron Alloys, Carbon — 
Opinions and Researches on Combined Carbon — Opinions and Researches on Combined 
Carbon — Applying the Curves of Solution deduced from the Curves of Recalescence to the De- 
termination of the Chemical Composition of the Carbon present in Iron Alloys — ^The Constitu- 
ents of Iron — Iron — ^The Constituents of Iron Alloys — Manganese — Remaining Constituents of 
Iron Alloys— A Silicon— Gases. The Chemical Composition off Slaff.— Silicate Sla^s — 
Calculating the Composition of Silicate Slags — Phosphate Slags— Oxide Slags — ^Appendix — 
Index. 

EVAPORATING, CONDENSING AND COOLING AP- 

PARATUS. Explanations, Formulae and Tables for Use 
in Practice. By E. Hausbrand, Engineer. Translated by A. C. 
Wright, M.A. (Oxon.), B.Sc. (Lond.). With Twenty-one Illustra- 
tions and Seventy-six Tables. 400 pp. Demy 8vo. Price 10s. 6d. net. 
(Post free, lis. home; lis. 6d. abroad.) 

Contents. 

2?«CoefiBcient of Transmission of Heat, k/, and the Mean Temperature Difference, 01m — 

l^arallel and Opposite Currents — Apparatus (or Heating with Direct Fire — ^The Imectioa of 
Saturated Steam — Superheated Steam — Evaporation by Means of Hot Liquids — ^The Trans- 
ference of Heat in General* and Transference by means of Saturated Steam in Particular 
—The Transference of Heat from Saturated Steam in Pipes (Coils) and Double Bottoms 
— Bvaporation in a Vacuum — The Multiple^ffect Evaporator— Mttltiple-efiect Evaporators 
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from which Extra Steam is Taken — The Weight of Water which must be Evaporated from 
100 Kilos, of Liquor in order its Original Percentage of Dry Materials from 1-25 per cent 
up to 20-70 per cent. — ^The Relative Proportion of the Heating Surfaces in the Elements 
of the Multiple Evaporator and their Actual Dimensions — The Pressure Exerted by Currents 
of Steam and Gas upon Floating Drops of Water— The Motion of Floating Drops of Water 
upon which Press Currents of Steam — The Splashing of Evaporating Liquids — The Diameter 
of Pipes for Steam, Alcohol, Vapour and Air — The Diameter of Water Pipes — The Loss 
of Heat from Apparatus and Pipes to the Surrounding Air, and Means for Preventing 
the Loss— Condensers — Heating Liquids by Means of Steam — The Cooling of Liquids — 
The Volumes to be Exhausted from Condensers by the Air-pumps — A Few Remarks on Air- 
pumps and the Vacua they Produce — The Volumetric Efficiency of Air-pumps — The Volumes 
of Air which must be Exhausted from a Vessel in order to Reduce its Original Pressure to a 
Certsun Lower Pressure — Index. 

Sanitary Plumbing, Electric 
Wiring, Metal Work, etc. 

EXTERNAL PLUMBING WORK. A Treatise on Lead 
Work for Roofs. By John W. Hart, R.P.C. 180 Illustrations. 272 
pp. Demy 8vo. Second Edition Revised. Price 7s. 6d. net. (Post 
free, 7s. lOd. home ; 8s. abroad.) 

HINTS TO PLUMBERS ON JOINT WIPING, PIPE 
BENDING AND LEAD BURNING. Third Edition, 
Revised and Corrected. By John W. Hart, R.P.C. 184 Illustrations. 
313 pp. Demy 8vo. Price 7s. 6d. net. (Post free, 8s. home ; 8s. 6d. 
abroad.) 

Contents. 

Pipe Bending — Pipe Bending (continued) — Pipe Bending (continued) — Square Pipe 
Bendings — Half-circular Elbows—Curved Bends on Square Pipe — Bossed Bends — Curved 
Plinth Bends — Rain-water Shoes on Square Pipe — Curved and Angle Bends — Square Pipe 
Fixings — Joint-wiping — Substitutes for Wiped Joints — Preparing Wiped Joints — Joint Fixings. 
— Plumbing Irons — Joint Fixings — Use of "Touch" in Soldering — Underhand Joints — Blown 
and Copper Bit Joints — Branch Joints — Branch Joints (continued) — Block Joints — Block 
Joints (continued) — Block Fixings — ^Astragal Joints — Pipe Fixings — Large Branch Joints — 
Large Underhand Joints — Solders — Autogenous Soldering or Lead Burning — Index. 

SANITARY PLUMBING AND DRAINAGE. By John 
W. Hart. Demy 8vo. With 208 Illustrations. 250 pp. 1904. Price 
7s. 6d. net. (Post free, 7s. lOd. home ; 8s. abroad.) 

ELECTRIC WIRING AND FITTING FOR PLUMBERS 
AND GASFITTERS. By Sydney F.Walker, R.N., M.I.E.E., 

M.I.Min.E., A.M.Inst.C.E., etc., etc. Crown 8vo. 150 pp. With Illus- 
trations and Tables. Price 5s. net. (Post free, 5s. 3d. home ; 5s. 6d. 
abroad.) 

Contents. 

Chapter I., Electrical Terms Used. — Pressure and Current — The Volt — Ampere — 
Electrical Resistance — Earth— Continuous and Alternating Currents — The Electric Circuit — 
Leakafje — Heating of Conductors — Size and Forms of Conductors — The Kilowatt — Loss of 



Pressure — ^Arrangement of Conductors — Looping In — ^The Three Wire System — Switches — 
Fuses— Circuit— Breakers. IL, The Insulation of Wires, Their Protection, Fixlnfi:, etc. 
—Conductors Insulated with Paper and Similar Materials — Sparking between Conductors 



-Dialite Insulation — Flexible Cords — Concentric Conductors — ^Twin Conductors — ^Three-Core 
Cables — Fireproof Insulation for Conductors — Jointing — T Joints — Covering T Joints in Vul- 
canized Rubber Cables. III., FixinsT the Wiring and Cables.— Laying Out the Route— The 
Protection of the Wires and Cables — Wood Casing — Metallic Conduits — Non-Metallic Con 
ductors — Fixing the Conduits and Running Wires in Them— Drawing Wires into Tubes — ^To 
Avoid Shock. IV., Lamps. — ^The Incandescent Lamp— Lamp Holders — Lamp Fittings — ^The 
Nemst Lamp. V., Switches, Fuses, Distribution Boards, etc.— The Electricity Meter- 
Prepayment Meters. 

THE PRINCIPLES AND PRACTICE OF DIPPING, 
BURNISHING, LACQUERING AND BRONZING 
BRASS WARE. By W. Norman Brown. 35 pp. Crown 

8vo. Price 2s. net. (Post free, 28. 3d. home and abroad.) 

THE HISTORY OF INCANDESCENT LAMPS. By G. 

Basil Barham, A.M.I.E.E. Illustrated. ''In preparation^ 
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A HANDBOOK ON JAPANNING AND ENAMELUNQ 
FOR CYCLES, BEDSTEADS, TINWARE, ETC. By 

William Norman Brown. 52 pp. and Illustrations. Crown 8vo. 
Price 2s. net. (Post free, 2s. 3d. home and abroad.) 

THE PRINCIPLES OF HOT WATER SUPPLY. By 

John W. Hart, R.P.C. With 129 Illustrations. 177 pp., demySvo. 
Price 7s. 6d. net. (Post free, 7s. lOd. home ; 8s. abroad.) 

House Decorating and Painting. 

THREE HUNDRED SHADES AND HOW TO MIX 

THEM. For Architects, Painters and Decorators. By A. 
Desai NT, Artistic Interior Decorator of Paris. The book contains 100 
folio Plates, measuring 12 in. by 7 in., each Plate containing specimens 
of three artistic shades. These shades are all numbered, and their 
composition and particulars for mixing are fully given at the beginning 
of the book. Bach Plate is interleaved with grease-proof paper, and 
the volume is very artistically bound in art and linen with the Shield 
of the Painters' Guild impressed on the cover in gold and silver. Price 
21s. net. (Post free, 21s. 6d. home ; 22s. 6d. abroad.) 

:H0US£ DECORATING AND PAINTING. By W. 

Norman Brown. Bighty-eight Illustrations. 150 pp. Crown 8vo. 
Price 3s. 6d. net. (Post free, 3s. 9d. home and abroad.) 

A HISTORY OP DECORATIVE ART. By W. Norman 

Brown. Thirty-nine Illustrations. 96 pp. Crown 8vo. Price Is. net. 
(Post free. Is. 8d. home and abroad.) 

IVORKSHOP WRINKLES for Decorators, Painters, Paper- 
hangers and Others. By W. N. Brown. Crown 8vo. 128 pp. Second 
Edition. Price 2s. 6d. net. (Post free, 2s. 9d. home ; 2s. lOd. abroad.) 

Brewing and Botanical. 

HOPS IN THEIR BOTANICAL, AGRICULTURAI. 
AND TECHNICAL ASPECT, AND AS AN ARTICLE 
OF COMMERCE. By Emmanuel Gross, Professor at 
the Higher Agricultural College, Tetschen-Liebwerd. Translated 
from the German. Seventy-eight Illustrations. 840 pp. Demy 8vo. 
Price 10s. 6d. net. (Post free, lis. home; lis. 6d. abroad.) 

Contents. 

HISTORY OF THE HOP— THE HOP PLANT— Introductory— The Roots— The Stem— 
.and Leaves — Inflorescence and Flower: Inflorescence and Flower of the Male Hop; In- 
florescence and Flower of the Female Hop — ^The Fruit and its Glandular Structure: The 
Fruit and Seed — Propagation and Selection of the Hop — ^Varieties of the Hop: (a) Red Hops; 
<{b) Green Hops; (c) Pale Green Hops — Classification according to the Period of Ripening: 
Early August Hops ; Medium Early Hops ; Late Hops — Injuries to Growth — Leaves Turning 
Yellow, Summer or Sunbrand, Cones Dropping OfiP. Honey Dew, Damage from Wind, Hau 
and Rain ; Vegetable Enemies of the Hop : Animal Enemies of the Hop— Beneficial Insects on 
Hops— CULTIVATION— The Requirements of the Hop in Respect of Climate, Soil and 
Situation : Climate ; Soil ; Situation — Selection of Variety and Cuttings — Planting a Hop 
Garden : Drainage ; Preparing the Ground ; Marking-out for Planting ; Planting ; Cultivation 
and Cropping of the Hop Garden in the First Year — Work to be PeHFormed Annually in the 
Hop Garden: Working the Ground; Cutting; The Non-cutting System; The Proper Per- 
formance of the Operation of Cutting: Method of Cutting : Close Cutting, Ordinary Cutting, 
The Long Cut, The Topping Cut ; Proper Season for Cutting : Autumn Cutting Spring 
Cutting; Manuring; Training the Hop Plant: Poled Gardens, Frame Training; Principu 
Types of Frames Pruning, Cropping, Topping, and Leaf Stripping the Hop Plant ; Picking, 
Drymg and Bagging — Principal and Subsidiary Utilisation of Hops and Hop Gardens — Life 
•of a Hop Garden ; Subsequent Cropping — Cost of Production, Yield and Selling Prices. 

PreMrvatlon and Storage — Physical and Chemical Structure of the Hop Cone~Judging 
4he Value of Hops. 
Statistics of Production— The Hop Trade— Index. 



29 

Wood Products, Timber and 

Wood Waste. 

WOOD PRODUCTS : DISTILLATES AND EXTRACTS. 

By P. DuMESNY, Chemical Engineer, Expert before the Lyons Com- 
mercial Tribunal, Member of the International Association of Leather 
Chemists; and J. Noybr. Translated from the French by Donald 
Grant. Royal 8vo. 320 pp. 103 Illustrations and Numerous Tables. 
Price 10s. 6d. net. (Post free, lis. home ; lis. 6d. abroad.) 

Contents. 

Part I., Wood Distlllatioii— Principal Products from the Carbonisation of Wood- 
Acetates— Secondary Products of the Distillation of Wood— Acetone— Analysis of 
Raw Materials and Finislied Products— Appendix— The Destructive Distillation of Olive 
Oil Residuals. Part II., Manufacture and Testinff of Tan Wood Extracts and their 
Utilisation in Modern Tanneries— Plant and Equipment for Treating Chestnut Wood 
— Analysis of Tanning' Substances — The Official Method of the International Association 
of Leather Chemists, with Supplementary Notes. 

TIMBER : A Comprehensive Study of Wood in all its Aspects 
(Commercial and Botanical), showing the Different Applications and 
Uses of Timber in Various Trades, etc. Translated from the French 
of Paul Charpbntibr. Royal 8vo. 437 pp. 178 Illustrations. Price 
12s. 6d. net. (Post free, 13s. home ; 14s. abroad.) 

Contents. 

Physical and' Chemical i>roperties of Timber— Composition of the Vegetable Bodies 
— Chief Elements — M. Premy's Researches — Elementary Orj^ans of Plants and especially of 
Forests — Different Parts of Wood Anatomically and Chemically Considered — General Pro- 
perties of Wood— Description of the Different Kinds of Wood— Principal Essences with 
Caducous Leaves— Coniferous Resinous Trees— Division of the Useful Varieties of Timber 
in the Different Countries of the Qlobe — European Timber — ^African Timber — ^Asiatic 
Timber — American Timber— Timber of Oceania — Forests — General Notes as to Porests ; their 
Influence — Opinions as to Sylviculture — Improvement of Porests — Unwooding and Rewooding 
— Preservation of Porests — Exploitation of Porests — Damage caused to Porests — Different 
Alterations— The Preservation of Timi>er— Generalities— Causes and Progress of De- 
terioration — History of Different Proposed Processes — Dessication — Superficial Carbonisation 
of Timber — Processes by Immersion — Generalities as to Antiseptics Employed — Injection 
Processes in Closed Vessels — ^The Boucherie System, Based upon the Displacement of the 
Sap — Processes for Making Timber Uninflammable — Applications of Timber — Generalities 
— Working Timber — Paving — Timber for Mines — Railway Traverses — Accessory Products — 
Oums — ^Works of M. Premy-^Resins — Barks — ^Tan — Application of Cork — The Application of 
"Wood to Art and Dyeing — Different Applications of Wood — Hard Wood — Distillation of 
Wood — Pyroligneous Acid — Oil of Wood — Distillation of Resins — Index. 

THE UTILISATION OF WOOD WASTE. Translated from 
the German of Ernst Hubbard. Crown 8vo. 192 pp. Fifty Illustra- 
tions. Price 5s. net. (Post free, Ss. 4d. home ; 5s. 6d. abroad.) 

Building and Architecture. 

THE PREVENTION OF DAMPNESS IN BUILDINGS; 

with Remarks on the Causes, Nature and Effects of Saline, Efflores- 
cences and Dry-rot, for Architects, Builders, Overseers, Plasterers, 
Painters and House Owners. By Adolf Wilhelm Keim. Translated 
from the German of the second revised Edition by M. J. Salter, P.I.C, 
F.C.S. Eight Coloured Plates and Thirteen Illustrations. Crown 8vo. 
115 pp. Price 5s. net. (Post free, 5s. Sd. home; 5s. 4d. abroad.) 

HANDBOOK OF TECHNICAL TERMS USED IN ARCHI- 
TECTURE AND BUILDING, AND THEIR ALLIED 
TRADES AND SUBJECTS. By AugCstinb C. Passmorb. 
Demy 8vo. 380 pp. Price 78. 6d. net. (Post free, 8s. home ; 8s. 6d. 
abroad.) 



30 

The Preserving of Foods and 

Sweetmeats. 

THE MANUFACTURE OF PRESERVED FOODS ANI> 

SWEETMEATS. By A. Hausner. With Twenty-eight 
Illustrations. Translated from the German of the third enlarged 
Edition. Crown 8vo. 225 pp. Price 7s. 6d. net. (Post free, 7s. 9d. 
home; 7s. lOd. abroad.) 

Contents. 

The Manufacture off Conserves — Introduction — The Causes of the Putrefaction of Pood 
— ^The Chemical Composition of Poods — The Products of Decomposition — The Causes of Per- 
mentation and Putreraction — Preservative Bodies— The Various Methods of Preserving Pood 
— The Preservation of Animal Pood — Preserving Meat by Means of Ice — The Preservation 
of Meat by Charcoal — Preservation of Meat by Drying — The Preservation of Meat by the 
Exclusion of Air — The Appert Method — Preserving Plesh bjr Smoking — Quick Smoking — Pre- 
serving Meat with Salt — Qu>c^ Salting by Air Pressure — Quick Salting by Liquid Pressure — 
Gamgee's Method of Preserving . Meat— The Preservation of Eggs— Preservation of White 
and Yolk of Egg — Milk Preservation — Condensed Milk — The Preservation of Pat— Manti> 
facture of Soup Tablets-^ Meat Biscuits — Extract of Beef— The Preservation of Vegetable 
Poods in General — Compressing Vegetables — Preservation of Vegetables by Appert's Method 
—The Preservation of Fruit — Preservation of Pruit by Storage — The Preservation of Pruit 
by Drying — Drying Pruit by Artificial Heat — Roasting Pruit — The Preservation of Pruit with 
Sugar — Boiled Preserved Pruit — The Preservation of Pruit in Spirit, Acetic Acid or Glycerine 
—Preservation of Pruit without Boiling — Jam Manufacture — The Manufacture of Pruit 
Jellies— The Making of Gelatine Jellies— The Manufacture of " Sulzen "—The Preservation of 
Fermented Beverages — The Manufacture of Candies — Introduction — The Manufacture of 
Candied Pruit — The Manufacture of Boiled Sugar and Caramel — The Candying of Pruit — 
Caramelised Pruit — The Manufacture of Sugar Sticks, or Barley Sugar — Bonbon Making — 
Pruit Drops — The Manufacture of Drag^es — The Machinery and Appliances used in Candy- 
Manufacture — Dyeing Candies and Bonbons — Essential Oils used m Candy Making — Pruit 
Essences — The Manufacture of Pilled Bonbons, Liqueur Bonbons and Stamped Lozenges — 
Recipes for Jams and Jellies — Recipes for Bonbon Making — Drag^es — Appendix— Index. 

RECIPES FOR THE PRESERVING OF FRUIT, VEGE- 
TABLES AND MEAT. By E. Wagner. Translated 

from the German. Crown 8vo. 125 pp. With 14 Illustrations. Price 
5s. net. (Post free, 5s. 3d. home ; 5s. 4d. abroad.) 

Contents. 

Part I. Preserved Fruits. — Green Almonds — Gooseberries— Strawberries — Currants — 
Cherries — Black Nuts — Whift Nuts— Apricots — Greengages— Pears— Peaches — Plums— Pigs — 
Melons — Apples — Chestnuts— Angelica — Pineapple. Canned Fruit. — Gooseberries — Cherries 
—Apricots— Plums— Rhubarb. Q lazed and Candied Fruits.- Glazing Fruit -Candied 
Fruit — Blue Plums— Glazed Chestnuts — Glazed Pineapple Slices — Crystallised Strawberries. 
Marmalades, Jams and Fruit Juices.- Strawberry Marmalade— Cherry Marmalade — 
Jams — Pruit Jellies — Raspberry Juice — Cherry Juice —Lemon Syrup — Pineapple Juice. Fruit 
Pulp for ices. Citron Peel and Oranee Feel. Part li. Preserved Veretabies. — 
Asparagus — Peas — Beans — Carrots — Spinach — Artichokes — Tomatoes — Mixed Vegetables — 
Tinned Julienne — Celerv — Mushrooms — ^Truffles — Pickled Gherkins — Gherkins in Mustard — 
'Mixed Pickles. Part III. Preserved Meats.— Veal Cutlets— Pricondeau of Veal— Calves 
Head— Bouillon Meat— Ox Tongue — Beef a la Mode — Roast Hare — Roast Venison — Mutton 
and Cabbage— Savoury Paste— Beef Paste— Poie Gras Paste. 

FOODS AND DRUGS. Volume I., Chemistry and Analysis 
of Poods and Drugs. Volume II., Law Relating to Foods and Drugs. 
By E. J. Parry, B.Sc. (Lond.). [In preparation. 

Dyeing Fancy Goods. 

THE ART OF DYEING AND STAINING MARBLS, 
ARTIFICIAL STONE, BONE, HORN, IVORY AND 
WOOD, AND OF IMITATING ALL SORTS OF 
WOOD. A Practical Handbook for the Use of Joiners, 
Turners, Manufacturers of Fancy Goods, Stick and Umbrella Makers, 
Comb Makers, etc. Translated from the German of D. H. Soxhlbt, 
Technical Chemist. Crown 8vo. 168 pp. Price 5s net. Post free, 
Ss. 3d. home ; Ss. 4d. abroad.) 
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Celluloid. 



•CELLULOID : Its Raw Material, Manufacture, Properties and 
Uses. A Handbook for Manufacturers of Celluloid and Celluloid 
Articles, and all Industries using Celluloid ; also for Dentists and 
• Teeth Specialists. By Dr. Fr. Bockmann, Technical Chemist. Trans- 
lated from the Third Revised German Bclition. Crown 8vo. 120 pp. 
With 49 Illustrations. Price 5s. net. (Post free, 5s. 3d. home ; 5s. 4d. 
abroad.) 

Contents. 

Chapters I., Raw Materials for the Manufacture of Celluloid : Cellulose and Pyroxylin 
— Gun-cotton — Properties of Gun-cotton — Special Gun cottons for Celluloid Manufacture — 
Nitrating Centrifugalisers— Collodion Wool — Methods of Preparing Collodion Wool — Cam- 
phor — Japanese (Formosa) Camphor, O'dina^ Camphor — Borneo Camphor (Bomeol), 
Sumlttra Camphor, Camphol, Baros Camphor) — Properties of Camphor — Artificial Camphor 
— Camphor Substitutes. 11., The Manufacture of Celluloid; Manufacturing Camphor by 
the Aid of Heat and Pressure— Manufacture of Celluloid by Dissolving Gun-cotton in an 
Alcoholic Solution of Camphor — Preparing Celluloid by the Cold Process — Preparation with 
an Ethereal Solution of Camphor — Preparation with a Solution of Camphor and Wood 
Spirit. III., The Employment of Pyroxylin for Artificial Silk : Denitrating 
and Colouring Pyroxylin — Uninflammable Celluloid — Celluloid and Cork Composition — 
Incombustible Celluloid Substitute — Xylonite or Fibrolithoid. IV., Properties of 
Celluloid; v., Testing Celluloid. VI.. Application and Treatment of. Celluloid : 
Caoutchouc Industry — Making Celluloid Ornaments — Working by the Cold Process — 
Working by the Warm Process— Celluloid Combs— Celluloid as a Basis for Artificial 
Teeth — Stained Celluloid Sheets as a Substitute for Glass — Celluloid Printing Blocks 
and Stamps— Collapsible Seamless Vessels of Celluloid — Making Celluloid Balls— Celluloid 
Posters — Pressing Hollow Celluloid Articles — Casting Celluloid Articles — Method for Pro- 
ducing Designs on Plates or Sheets of Celluloid^ Xylonite, etc.— Imitation Tortoiseshell — 
Metallic Incrustations — Imitation Florentine Mosaic — Celluloid Collars and Cuf!s^— Phono- 
graph Cylinder Composition — Making Umbrella and Stick Handles of Celluloid — Celluloid 
Dolls— Celluloid for Ships* Bottoms— Celluloid Pens— Colouring Finished Celluloid Articles — 
Printing on Celluloid — Employment of Celluloid (and Pyroxylin) in Lacquer Varnishes — Index 

Lithography, Printing and 

Engraving. 

PRACTICAL LITHOGRAPHY. By Alfred Seymour. 

Demy 8vo. With Frontispiece and 33 Illus. 120 pp. Price 58. 
net. (Post free, ds. 4d. home ; 5s. 6d. abroad.) • 

Contents. 

Stones — Transfer Inks — Transfer Papers — ^Transfer Printing — Litho Press — Press Work — 
Machine Printing — Colour Printing — Substitutes fpr Lithographic Stones — Tin Plate Printing 
and Decoration — Photo-Lithography. 

PRINTERS' AND STATIONERS' READY RECKONER 
AND COMPENDIUM. Compiled by Victor Graham. 

Crown 8vo. 112 pp. 1904. Price 38. 6d. net. (Post free, 38. 9d. home ; 
3s. lOd. abroad.) 

Contents. 

Price of Paper per Sheet, Quire, Ream and Lb.— Cost of 100 to 1000 Sheets at various 
Sizes and Prices per Ream — Cost of Cards — Qiiantity Table — Sizes and Weights of Paper, 
Cards, etc. — Notes on Account Books — Discount Tables — Sizes of spaces — Leads to a lb. — 
Dictionary — Measure for Bookwork— Correcting Proofs, etc. 

ENGRAYING FOR ILLUSTRATION. HISTORICAL 
AND PRACTICAL NOTES. By J. Kirkbride. 72 pp. 
Two Plates and 6 Illustrations. Crown 8vo. Price 28. 6d. net. (Post 
free, 2s. 9d. home ; 2s. lOd. abroad.) 

TINPLATE PRINTING. By Alfred Seymour. Crown 8vo. 

[In preparation. 

Bookbindings 

PRACTICAL BOOKBINDING. By Paul Adam. Translated 
from the German. Crown 8vo. 180 pp. 127 Illustrations. Price Ss. 
net. (Post free, 5s. 4d. home ; 5s. 6d. abroad.) 
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Sugar Refining. 



THE TECHNOLOGY OP SUGAR : Practical Treatise oi> 
the Modern Methods of Manufacture of Sugar from the Sugar Cane and 
Sugar Beet. By John Geddbs McIntosh. Second Revised and 
Enlarged Edition. DemySvo. Fully Illustrated. 436pp. Seventy-six 
Tables. 1906. Price 10s. 6d. net. (Post free, lis. home; lis. 6d. 
abroad.) 

{See " Evaporating^ Condensing ^ etc.^ Apparatus" p. 26.) 

Libraries and Bibliography. 

CLASSIFIED GUIDE TO TECHNICAL AND COM- 
MERCIAL BOOKS. Compiled by Edgar Greenwood. 

Demy 8vo. 224 pp. 1904. Being a Subject-list of the Principal 
British and American Books in print ; giving Title. Author. Size, Date, 
Publisher and Price. Price 5s. net. (Post free. 5s. 4d. home ; 5s. 6d. 
abroad.) 

HANDBOOK TO THE TECHNICAL AND ART 
SCHOOLS AND COLLEGES OF THE UNITED 
KINGDOM. Containing particulars of nearly 1,000 Techni- 
cal, Commercial and Art Schools throughout the United Kingdom. 
With full particulars of the courses of instruction, names of principals, 
secretaries, etc. Demy 8vo. 150 pp. Price 3s. 6d. net. (Post free, 
3s. lOd. home ; 4s. abroad.) 

THE LIBRARIES, MUSEUMS AND ART GALLERIES 
YEAR BOOK, 1910-11. Being the Third Edition of Green- 
wood's " British Library Year Book ". Edited by Alex. J. Philip. 
Demy 8vo. 286 pp. Price 5s. net. (Post free, 58. 4d. home ; 5s. 6d. 

abroad.) [jf us t published. 

Contents. 

Preface — Introduction — Chronological List of Adoptions of the Libraries Acts — Public 
Libraries Assessed for the Payment of Rates — Special Collections of Books in Libraries* 
Museums and Art Galleries — Alphabetical Index to Librarians, Curators and Assistants — 
Architects who -have Designed Public Libraries — Libraries, Museums and Art Galleries ia the 
United Kingdom — Women Librarians Occupying Chief Positions — Women Assistants — 
Methods of Charging or of Issuing Books — Classifications in Use — Public Libraries Opening 
on Sundays — Public Libraries Opening on Bank Holidays — Public Libraries in which Betting 
News is Obliterated— Public Libraries Publishing Magazines, Bulletias, etc. 

THE plumbing] HEATING AND LIGHTING 
ANNUAL FOR 1911. The Trade Reference Book for 

Plumbers. Sanitary, Heating and Lighting Engineers, Builders^ Mer- 
chants, Contractors and Architects. Quarto. Bound in cloth and gilt 
lettered. (Published in December, 1910.) Price 3s. net. (Post free, 
3s. 4d. home ; 3s. 8d. abroad.) 
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